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(57) Abstract 

The present invratioD disdoses humanized diimeric antibodies \i^di are capable of binding to the intercellular adhesion 
molecule ICAM-1. Spedflcally, disclosed are humanized anti-ICAM-1 antibodies of the IgGl, IgG2, and IgG4 subtype. These 
antibodies are useful in treating spedflc and non-spedflc inflammation, rfainoviral infection, HIV infection, the dissemiaatioii of 
HIV infected cells, and asthma. In addition, the humanixed antibodies disclosed can be useful in methods of diagnosing and lo- 
caliziQg sites of inflammation and infection and tumors expressing ICAM-1. 
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HUMANIZED CHlMEWir ^ 

OF FREPARATinw A»m ^ 



RddofthelnvenriBn- 

present inventioi relates to a chimenc antibody molecule, and 
5 especially a humanized chimeric antiinxly molecule, having spedfidty for an 
antigenic determinant of Intocellular Adhesion Molecule 1 (ICAM-1), to a 
process for its production using recombinant DNA techncdogy and to its 
Aerapojtic use. 

In the presrait application, the tenn •chimeric antibody molecule" is 
10 used to describe an antibody molecule having heavy and/or light chains 
comprising at least the variable regions of heavy and/or light chains dnived 
for one immunoglobulin molecule linked to at least part of a second protdn. 
The second protein may comprise additi<»al antibody constant x^ons 
domains derived from a different immunoglobulin molecule or a non- 
15 immunoglobulin protein. The term "humanized cUmetic antibody molecule' 
is used to describe a mdecule haviiig heavy and light chain variable i^on 
domains derived from an immunoglobulin from a non-human spedes, the 
remaining immunoglabulin constant region domains of die molecttle bdng 
derived from a human immunoglobulin. The abbreviation "MAb" is used to 
20 indicate a monodonal antibody. 

The present invention also relates to the use of diimeric antibodies 
cqnUe of binding to ICAM-1 to inhibit intercellular adhesion of odls of 
granulocyte or macrDphage lineage. The use of such molecules provides a 
mediod for the treatment of spedfic and nm-spedfic inOanunation. 



10 
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The present invention also relates to diimeric antibody capable of 
binding ICAM-1 in the treatmoit f viral, and paitiailariy riunoviial disease. 

Tl»e invention also relates to tben^eutic and prophylactic methods for 
suppressing the infixtion of laikocytes wifli HIV, and particidady with HIV-1, 
in an individual who is exposed to EIV or effected by HIV, and is thus in 
need of such suppression through the administralion of a chimeric antibody 
cqnhle of binding ICAM-1 . It therefine provides a fbeapy far diseases, 
sudi as AIDS (Acqured Inmiumtdefidenc^ Syndrome) ^xliich are caused by 
die HIV vims. 

Tl»e invention also relates to a theiqjeutic method fw siq5»ress^ 
migration of mv-l infected cells from theciiculatoiy system using chimeric 
antibodies capable of binding lCAM-1 . It therefore provides a thei^ for 
diseases, such as AIDS (Aoquiied Immunodefidency Syndrome) which are 
caused by the HIV-1 virus. 

""^PfBsent invention relates to the use diimaic antibodies capable of 
innding ICAM-1 in ibc treatment of asduna. 

Baekpmwn^ of tha fnyyu^^n 

I 

A. Humaniw^ri unffln^jjf,; 

Ifotnxal immunoglobulins have been known for many years, as have 

20 the vaiious fragments thereof, such as the Fab, (Fab')j and Fc fragments, 

which can be derived by enzymatic cleavage. Nataral immunoglobulins 

comprise a generally Y-sh^ molecule having an antigen-binding site 

towards die free end of each upper ann. Theremainderof die structure, and 

particularly die stem of die Y, mediates die effector fractions associated wifli 
25 immunoglobulins. 

Natural immunoglobulins have been used in assay, diagnosis and, to 
a more limited extent, iheapy. However, such uses, espedaUy in dien^, 
have been hindered by die polydonal nature of natund immunoglcbulins. A 
significant step towards die realization of die potential of immunogtobulins as 
30 dien^eutic agents was die discovery of techniques for die preparation of 
monodonal antibodies of defined spedfidty (Kohler a al. Nature 2fi5:295- 
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497 (1975)). However, most MAbs aitiyrodaoed-by fusions of nxlent spleen 
cells with rodat myeloma cells, lliey ait therefoit essentially rodent 
proteins. Theit are very few reports of the production of human MAbs. 

Since most avaUable MAbs are of rodent origin, they are naturally 
5 antigoic in humans and thus can give rise to an undesirable immune response 
tamed the HAMA (Human Anti*Mouse Antibody) response. Therefore, the 
use of rodent MAbs as therq>eutic agents in humans is inherently limited by 
the fact that the human subject will mount an immunological response to the 
MAb and will dther remove it entirely or at least reduce its effectivmess. In 

10 practice MAbs of rodent origin may not be used in a patient for more than one 
or a few treatments as a HAMA response soon develops rendering the MAb 
ineffecdveas well as giving rise to undesirable reactions. 

Proposals have therefore been made for making non-human MAbs less 
antigenic in humans. Sudi teduiiques can be generically termed 

15 "hu m a n i ra t io n* techniques. These techniques generally involve the use of 
recombinant DNA technology to manipulate DNA sequences encoding the 
polypeptide chains of the antibody molecule. 

In particular one procedure ^cfa has bee proposed for the preparation 
of humanized antibodies is die so-called chimerizadon procedures. 

20 Such chimeiizaticm procedures involve production of dumenc 

antibodies in which an antigen binding ate comprising the complete variable 
domains of oneandbody is linked to constant domains derived from another 
antibo(ty. Some eady methods for carryiiig out such a chimmzation 
procedure are described in EP-A-0120694 (Celltech Limited), EP-A-0125Q23 

25 (Genentecfa Inc. and Qty of Hope), EP-A-01714906 (Res. Dev. Corp. Jqan), 
EP-A-0173494 (Stanford University), EP-A-0194276 (Celltech Limited). The 
latter Celltech application also shows the production of an antibody molecule 
comprismg the variable domains of a mouse MAb, the CHI and CL domains 
of a human immunoglobulin, and a non-immunoglobulin derived protein in 

30 place of the Fc portion of the human immunoglobulin. 
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B. T jyil^jfffYhr Atfrcfament and Fimrt^mS 

Leukoqles and granulocytes must be able to adhere to ceOular 
substrates in aider for an inflammatory response to occur and to prop«iy 
defend the host against foreign invaders such as viruses, bacteria, and 
aOeigens. This fact has become evident from two conveiging lines of 
leseareh. 

The first line of research involves studies of leukocyte membrane 
proteins (Wallis, WJ., a td.. J. btununoL J55:2323-2330 (1985); Mentzer, 
S J., et aL, J. CeB. Physiol 725:285-290 (1986); Baskard, D.O., et al.. J. 
Immunol 7J7;2901-2906 (1986); Harlan, JJ^, et al.. Blood 5ff:ie7-178 
(1985)). Of particular inqxuiance to the piocess of odlular adhesioa is a 
family of leukocyte membrane proteins known as flie "CD18" iamfly «• 
complex. This femfly consists of three heterodimers (known as "Mac-1," 
•LFA-1," and •P150,90"), an of wldch share a common subunit (known as 
15 the B subunit) and a uniqoe subunit (known as the cr subunit) (Springer, T.A., 
et al., Immunol Rev. 58:111-135 (1982); Springer, T., et oL, Fed. J>roc 
'W:2660-2663 (1985); Keizer. G., er <rf., Eur, J. Immunol 25:1142-1147 
(1985); Sanchez-Madrid, F., et al, J. Exper. Med. i5&1785-1803 (1^83)). 

Mnnodooal antOxKlies against the CDli fiunOy of leukocyte mendnane 
proteins, by acdng as antagonists of these proteins, inhibit a muldtude of 
leukocyte adhesion dqwident events injate. This indudes the ability of 
granulocytes to aggregate in response to ^opriate stimuli, the ability of 

gnmuloqftes to attach to protem coated plastic, the abiUty of granulocytes to 
migrate in 2-dimensional agarose assays, and the abiUty of granulocytes to 

25 attach to endodielial odis. 

ITie second line of research results from sbidies involving individuals, 
wiio, due to an inherited flaw in the gene encoding for the common subunit 
of the Ca>18 family of leukocyte- adhesion molecules, arc unable to express 
any of these adhesion molecules on the suiliaces of their ceUs. Such in- 

30 dividuals are said to suffer from "leukocyte adherence deficiency disease" 



20 
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(T-AD") (Anderson, D.C, et d.. Fed. Proc. 44:2611-2677 (1985); 
Anderson, D.C, et al., J. lirfea. Dis. J52:668^ (1985)). Characteristic 
features of LAD patients include necrodc soft tissue lesions, impaired pus 
formation and wound healing, as well as aboonnalities of adhesion-dependent 
S leukocyte functions in vitro , and susoq)libility to chronic and recurring 
bacterial infections. Granulocytes from these LAD patients behave in the 
same defective manner in vitro as do their normal counterparts in the presence 
of anti-CD18 monoclonal antibody. That is, they aie imable to perform 
adhesion related functicms such as aggn^ation or attachment to endothelial 
10 cells. More importantly, however, is the obsoi^ticm that these patients are 
unable to mount a normal inflammatoiy response because of the inability of 
thdr granulocytes to attach to cellular substrates. Most remarkable is the 
observation that granulo^tes from these LAD patients are unable to get to 
sites of inflammation sudi as skin infections due to their inability to attach to 

IS the endothdial cdls in the blood vessels near the inflammation lesions. Such 
attachment is a necessary step for ejctravasation. 

Thus, in summary, the abiliQr of lymphocytes and gnuiuloqrtes to 
maintain die health and viability of an animal requires that they be c^sable of 
adhering to other cdls (such as endothelial ceQs). Granulocyte-endothelial cell 

20 adherence has been found to require cell-cell cratacts whidi involve specific 
receptor molecules present on the granulocyte cell surface. These recqitors 
enable the leukocyte to adhere to other leukocytes or to endotiidial, and other 
non-vascular odls. 

The cell surface receptor molecules of leukocytes have been found to 

25 be highly related to one another. Humans whose leukocytes lack these cell 
surface receptor molecules exhibit chronic and recurring infections, as well as 
other dinical symptoms. Inflammation reactions are mitigated when 
leukocytes are unable to adh^e in a normal fashion due to the lack of 
functional adhesion molecules of the CD18 complex. Because leukocyte 

)0 adhesion is involved in the process through which tissue inflammation arises. 
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an understanding of the piDoess of laikDC^te adhcacm is of signffi 
in defining a tieatmait for specific and non-specific utflammation. 

Additionally, since lymphocyte adhesion is involved in Hie process 
tfuDUgJi which foragn body or tissue is identified and i^ected, an 
5 understanding of this process is of significant value in the fields of organ 
transplantation, tissue grafting, allogy and oncology. 

C. The Intercellular Adhesion Molecule TCAM- l and r^h f }^ j 
Adhesioa 

The interodlulBr adhemon mdecule ICAM-1 was iiist identified and 

0 paitiaDy diaiactedzed according to the jnocedure of Rothldn, R. et al. (7. 
ImmmoL i57:1270-1274 (1986)), which reference is herein incoiporated by 
reference. ICAM-1, its piqniaticm, purificadon, and characteristics are 
disdosed in WO 90/03400 which plication is herein incorporated t>y 
v^nence in its entirety. 

5 ICAM-1 was initially realized as being involved in the process of 

cdlular adhesion between endothdialcdls and leukocytes. Cdlular adbeaon 
is the process through whidi leukocytes attadi to cdlular substrates, sudi as 
endothelial cells, in order to migrate from drculation to sites of ongoing 
inflammation, and properly defend the host against foreign invaders such as 

0 bacteria or viruses. An excdlent review of the d^jenses^ston is provided by 
Esen, aw., (Ik Microbiology, 3id Ed., Harper & Row, Philaddphia, PA 
(1980), pp. 290-295 and 381-418). 

One of Hit moleeules oo the surface of endothdial oeDs ^AaA 
VatUdpetes in the adhesioa process is ICAM-1. TUa imdecule has been 

5 shown to mediate adhesion by binding to molecules of the CD-18, CD-11/18 
femily of glycoproteins which are present on the cdl surfaces of leukocytes 
(Sanchez-Madrid, F. a oL, J, Bgjer. Med. i58:178S-1803 (1983); Keizer, 
GJ). er aL, Eur. J. ImmmoL 25:1142-1147 (1985)). 
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Intercellular Adhesion Mdecule (ICAM-1) is an inducable cell smiace 
glyooprotein aptessei oo varions odl types indading vascular endnthdir^i 
cdls, and is expressed prefenntiaUy at ates of inflammation. Since ICAM-1 
is the natural binding ligand of LPA-1, ICAM-l-LFA-l interactions play a 
5 central nde in odlidar adheaon, lecniitment of lynqiliocytes to sites tf[ 
inflammation and the triggoiiig of lympho^ functions M/bkb contribute to 
bodi specific and non>specific inflammation. 

D- The Cellular Receptor for Human RhinoviTus 

Abraham et al. (J. Viml. 57:340-345 (1984)) discovered that the 
0 majority of randomly selected human rtiinovinis ("HRV) serotypes were able 
to bind to the same cellular ncefUn. A monoclonal antibody was 
subsequentiy developed by Cdonno et a. (Colonno etaL,J. Cell. Biochem, 
St^pl 10 (pan DJ:266 (1986); Colonno et al.. J. Wroi 5^7-12 (1986); 
Colonno a al., European Patent Application Publication No. 169,146) which 
5 was capable of blocking attachment of HRV of die major serotype to the 
surfiaces of endothelial cells. The endothelial cdl receptor protein recognized 
by this antibody was isolated and found to be a 90 kd protein (Tomassini et 
al., J. VtroL 55:290-295 (1986) and later shown to be the ICAM-1 molecule 
(Staunton etaL.CeM 5tf:849-854 (1989)). 
> lYeatment of xfainoviral infecdon, eqiedally infection by die major 

type human rfainovirus has been proposed uring a murine monoclonal antibody 
directed against die viral receptor, ICAM-1 (EP 391088). 
E. Infection with HIV 

HIV infecdon is the cause of AIDS. TWom^or variants of HIV have 
been described: HIV-1 and HIV-2. HIV-1 is prevalent in North America and 
Europe, in contrast to HIV-2 which is prevalent only in Africa. The viruses 
have rimilar structures and encode protdns having similar function. The 
nudeotide and protein sequraoes of die genes and gene products of die two 
variants have been found lo have about 40% homology widi one anodier. 
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HIV infection is bdieved to oocor via the binding of a viral protein 
(termed "gpl20") to a receptor molecule (termed *CD4") present on the 
surface of T4 (T helper") lymphocytes (Scfanittman, S. }A. et aL, J. 
ImmunoL i4Z:4181-4186 (1988), which reference is incorporated herein by 

5 refraoiee). Hie wus then enters the cell and proceeds to rq)licate, in a 
process wfaidi ultimateJy results in the death of the T cell. The destruction 
of an individual's T4 population is a direct result of HIV infection. HIV can 
be recovered finom peripheral blood mononuclear cdls and human plasma (/. 
C3in. Microlriol 26:2371-2376 (1988); N. Engl J. Med. 321:1621-1625 

10 (1989)). Results suggest more viremia than had been previously estimated and 
a T-cdl infiectioii ftequen^ as high as 1 %. 

The destruction of the T cells results in an impairment in die ability of 
the infected patient to combat opportunistic infections. Aldiough individuals 
afflicted with AIDS often develop cancers, the rdationship between these 

IS cancers and HIV infection is, in most cases, uncertain. 

Although the mere replication of the HIV virus is lethal to infected 

cdls, sudi replication is typically delected in only a small fraction of the T4 

cdls of an infected faidividual. Several liras of research have duddatedotiier 

mecbanisnis through whidi the HIV virus mediates die destruction of die T4 
20 population. 

Apart fitom tiirou^ HIV rejdicatian, HIV infected cdls can be 
destroyed tiuough die action of ^tcndc, killer cdls. IQller cdls are 
normally present in humans, and serve to monitor die host and destroy any 
fordgn cdls (sudi as in nusmatdied blood transfusions or organ transplants, 
25 etc.) wludi may be encountered. Upon infection widi HIV, T4 cdls disiday 
the gpl20 molecule on tiidr cell surfioes. Killer cdls recognize such T4 cdls 
as foreign (ratiier than native cdls), and accordingly, mediate their 
destruction. 

HTV inflection can also lead to the destruction of non-infected healthy 
30 cdls. Infected cdls can secrete ti»cgpl20 protein into die blood system. The 
free gpl20 molecules can ttien bind to die CD4 receptors of healdiy. 
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uninfected odls. Such binding causes the celk to take cm the appearance f 
mv infected cells. Cytotoxic, killer cells lecognize the gpl20 bound to the 
uninfected T4 cells, condude thai the cell is fareign, and mediate the 
destrucdon of the T4 cells. 
5 An aHHirional ynyjianism, and CHie of Special interest to the present 

inve&tiGii, with which HIV can cause T4 death is through the formation of 
"syncytia." A 'syncytium' is a multinttcleated giant cell, formed ixom the 
fiisira of as many as several hundred T4 cells. Infection wiA HTV causes the 
infected odl to become able to fuse with other T4 cells. Such fusicm partners 

10 may themselves be HIV infected, or they may be unmfected healthy cells. 
Tlie syncytium cannot functiion and soon dies. Its death acconqilisbes the 
destructionof both HIV infected and HIV uninfected T4 cells. This process 
is of special interest to the present invention since it entails the direct cdl-cell 
contact of T4 cells. The abili^ of HIV-infected cells to form syncytia 

IS indicates that such cdls acquire a ineans for fuang with healthy cells. Thus, 
cell-cell contacts may be of fundamental importance in the process through 
which HIV infection is transmitted from one cell to another within an 
individual. | 

HIV infection, and especiaUy HIV-1 infection, appears to influence cell 

20 surfioe eqsession of the leukocyte integrins and cellular adherence reactions 
mediated by these hetoodimers (Petit, AJ., ei al., J. din. Invest. 79:188 
(1987); Hildieth, J.E.K., et al.. Science 244:1075 (1989); Valentin, A., et 
a!., J. ImmuitoJogy 744:934-937 (1990); Rossoi, R.D., et al. Trans. Assoc. 
American Physicians 702:117-130 (1989), all of v^ch referaioes are 

25 incorporated herdn by reference). Following infection with HIV-1, 
homotypic aggr^ation of U937 cells is increased, as is cell surface oq^ressicm 
of CD18, CDllb (Petit, A.L, et al., 7. Oin. Invest. 7»:188 (1987)). HIV-1 
infected U937 cells adhere to IL-1 stimulated endothdium in greater frequency 
than uninfected U937 cdls; this behavior can be suppressed by treating the 

30 infected cells with anti-CD18 or anti-CDlla monoclonal antibodies or by 
treating endothelial substrates with anti-ICAM-1 (Rossen, R.'D., er aL, Tfans. 
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Assoc^American-fliysmaiu i02:117-m (1989)). Monodonal antibodies to 
CD18 or CDlla have also been found to be able to inhibit fonnation of 
symTtia involving |a>ytohwn«gg1utinin (PHA)-stimulated lynqdioblastdd cells 
and constitulively infected, CD4-negalivc T cells (Hildreth, JJE.K., a aL, 
5 Sdence 244:1075 (1989)). Tteatment cS only the vims infected cells with 
anti-CD18, or anti-CDUa monoclonal antibodies was found to have little 
^ect on syncydum fonnatioo, suggesting that these antibodies prin^ally 
protect uninfected target cefls from infiecdon (Hildrelh, er of.. Science 
244:\Vr5 (1989); Valentin, A., er at, J. bnmunoJogy ]44:934-937 (1990)). 
10 Valentin er al. (Valentin, A., er at, 7. Immunology 144:93^937 (1990)) have 
recently oonfinned these observations denumstraling that monodooal 
antibodies spedfic for CD18 inhilrit sym^tia formed when omtinuous T cdl 
Imes are co-cultuied witti HIV-1 infected U937 cells. 

Aldiough tiie medianism tiiiDi^ «4iidi monodnial antibodies specific 
15 fat CD18 or CDlla protect suso^tiUe cdls ihnn fusing wifli HIV infected 

cdls remains unknown, and is not necessary to an appredation of die present 
invention, studies witii radifdabded gpl20 suggest tfiat heterodimeis 
containing CD18 do not provide a bindiitg site for tiie vims (Valentin, a!. , a 
oL. J. immunobgy 74^:934-937 (1990)). Thus, HIV infection involves iceU- 

20 cdl interactinis, and/or vird-cdl inteiacti<ms n*ddi mimic sudi cdl-cdl 
interactions. The cdl-cdl interactions may result in the transport of cdl-iree 
virus or tiie transport of virus across endotiielial barriers witiiin tiie cytoplasm 
of infected mononuclear cdls. Viral-cdl interactions whidi mimic tiie cdl- 
cdl intoactions vaay fadlitate or enable ftee virus to attach to and/or infect 

25 heaUhycdls. 

Tht piesoit invention tiius derives, in part, from tijc observation tiiat 
HIV infection, and particdariy HTV-l, infection results in increased 
expression of tiie CDlla/CD18 heterodimer, and its binding ligand, ICAM-1. 
nus increased expression is agnificant in tiiat it enhances tiie ability of HIV- 
30 infected T cdls to adhere or aggregate witii one anottier fi.e. to undergo 
*homotypicaggr^ation*). Since sudihomo^caggr^ation is not observed 
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to occur am ng quiesccsat noniiBl leukocytes, this discovery indicates that the 
apxssim of the GDI 1/CD18 lecqptors and/or ICAM-1 is required for sudi 
aggr^alioa. Such adhesion pmsitsHIV-l to be transnutted from an in^^ 
cell to a healthy cell of an individual, and also pennits or facilitates infecticm 
5 of healthy cells with free virus. 

Since ICAM-1 plays a central role in cell-cell interactions murine 
monoclonal antibodies that bind to ICAM-1 have been proposed as a method 
of preventing HIV infection (WO 90/13281). 

F. Mieratipn of fflV fofwtcd Cells 

10 The migration and dissemination of leukocytes is important in 

protecting an individual from the consequences of infection. These processes, 
however, are also reqx>nsible for the migration and dissemination of viral- 
infected leukocytes. Of particular copcem is the migration and dissemination 
of leuko^tes infected with HIV. The migration of sudi cells results in the 

IS fannation of eictravascular fod, and may cause tumors and other 
abnormalities. 

Histcdogic examination of affected organs reveals focal extravascular 
mononuclear cell infiltrates. Attempts to identify virus-infected cells in such 
infiltrates in the central nervous system have revealed the presence of HIV-1 

20 infected cells, lliese studies haveftshown that HIV-1 re^des primarily in 
monocytes and macrophages, and other cells of this lineage (R.T. Johnson, ei 
d. FASEB /. 2:2970 (1988); M.H. Stoler et al. J. Amer. Med. Assn. 
255:2360 (1986); S. Gartner eaiLJ. Amer. Med. Assn. 256:7365 (1986); S. 
Gartner «r of. Science 233:215 (198Q). 

25 The mechanisms which stimulate formation of extravascular infiltrates 

of HIV-l-infected monocytoid cells have not previously been wdl defined. 
The mechanisms may involve dther the transport of cell-free virus or the 
transport of virus across endothelial barriers within the cytqilasm of infected 
mononuclear cells. 
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Since infectum with HIV-1 stimulates cdl su&ce eqnesaon of 
molecules whidi ftcilitalp adherence flrako^tes to vascular endothelial cdls 
and the txandocation of leuko^tes from tfie blood to extravascular tissue sites 
(C.W. Smifli aaL.J.atn. Invest. &2:1746 (1988), herein mcoiporaled by 
reference) it has been proposed to use antibodies which inhibit cdlolar 
migration to prevent the disseminatioi of HTV infected cells (WO 90/13316). 

G. Asthma: ninical Characterisrirs 

Asthma is a heterogeneous family of diseases. It is characterized by 
a hypn-re^nsiveness of the tradjeobrcmdii to stimuli (MdFadden, E.R. et 
td. , In: Harrison's Prindpks of Internal Medicine, 10th Ed. , Petersdoif , R.G. 
er a/. , Eds., McGiaw-Hill, NY (1983), pages 1512-1519); Kay, K.^., Allergy 
and hfianmadon. Academic Press, NY (1987); which references are 
incorporated heidn by reference). CHinically, asthma is manifested by tiie 
extensive narrowing of the tracheobronchi, by thick tenacious secretions, by 
paroxysms of dyspnea, cough, and wheezing. Although the relative 
contribution of each of these conditions is unknown, the net result is an 
increase in airway resistance, hyperinflation of the lunp and thorax, abnmnal 
distribution of ventilation and puhnonaiy blood flow. The disease is 
manifested in qrisodic periods of acute symptoms interspersed be^veen 
syinptom-fiee periods. The acute episodes result m hypoxia, and can be fetal. 
Approximately 3 X of the general world population suffers fiom the disease. 

Two types of asthma have been described: allergic asthma and 
idiosyncratic asthma. Allergic asthma is usually associated with a heritaWe 
anergic disease, such as rhinitis, urticaria, eczema, etc. The condition is 
clBiacterized by positive wheal-and-flare reactions to intradermal ir^ections 
of aiibome antigeas (such as pollen, environmental or occupational pollutants, 
etc.), and increased serum levds of IgE The development of allergic asthma 
appears to be causaUy related lo-the presence of IgE antibodies in many 
patients. Asthma patients who do not exhibit tiie above-described 
diaractoistics are considered to have idiosyncratic astfima. 
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Allergic asthma is believed to be depmtaA qxin an IgE response 
oontroUed by T and Blynqdio^tes and activated by tiie interact fairbome 
antigen with mast cell-bound pie-fonned IgE molecules. Hie antigenic 
encounter must occur at conoentratiQns sufficient to lead to IgE production for 
S a prolonged poiod of time in order to sensitize an individual. Once 
senatized, an asdima patient may exhibit symptoms in response to extremely 
low levds of antigen. 

Asthma symptoms may be exacerbated by the presence and level of the 
triggering antigen, environmaital factors, occupational factors, physical 
10 exertion, and emotional stress. 

Asthma may be treated with mettiybcanthines (sudi as theophylline), 
beta-adreneigic agonists (such as catediolamines, resorcinols, saligenins, and 
cphedrine), glucocorticoids (such as hydrocortisone), inhibitors of mast cell 
d^ranuladoQ Q.e. chromones sudi as cromolyn sodium) and anticholinergics 
15 (sudi as atrqrine). 

Asthma is believed to involve an influx of eosinophils ("eosinophilia") 
into the tissues of the lung (Frigas, B. et al, J. Allergy dm. Immunol 
TJiSnsyj (1986), which reference is incorporated hoein by reference). 
Insight into the unmunological tiasis of asthma has been gained from 
20 bjonchoalveolar lavage studies (Godard, P. et al., 7. Allergy Qin. Immunol 
79:88 (1982)), and studies of respiratory smooth muscle denuded of 
epithdium (Havahan, N.A. ef nZ., Z Appl Physiol 5«:834 (1985); Barnes, 
P. J. er al, Br. J. Pharmacol 85:685 (1985)). Although these studies have 
not led to the ducidatim of the mechanism underlying the immunology of 
25 asthma, ihsy have led to the devdqpment of a generaUy accepted hypothecs 
concemmg the immunological etiology of the disease (see, Frigas, £. er al., 
J. Allergy din. Immunol 77i527-537 (1986)). 

The hallmarics of the pathology of asthma are a massive infiltnation of 
the lung parenchyma by eosinophils and the destruction of muoodliary 
30 cqndty. The "eosinophil hypothecs* suggests that eodnophils are attracted 
to flie bronchus in order to neutralize harmful mediators released by the mast 
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cdls of the lung. Aoooidii^ to the bypotbeaseoanopbfls are attracted to ttw 
bnindu yurhat Hbey d^ianidate to xdease ototoxic molecules. Upon 
d^ianulatioii, eosmophOs idease en^mes such as hi!«tamina«f aiylsidialase 
andphosiAolipaseDwMdienqmialicd^naitralizetfiehannfal marHat ^w y ^rf 
tiie mast oeSl. These molecules also pmrnatt flie destruction of the 
muoodliaiy qipaxatus, and thus prevent die dealing of the bicmchial 
secretions, and contribute to Uie lung damage diaracteiistic of asthma. 

Since asthma involves the migration of cells, it has been proposed to 
use antibodies which inhibit this migration to mitigate the effects of allergens 
in a subject (WO 90/10453). 



20 



It has been previously proposed; to treat leucocyte-mediated 
infl a mm ation by administoing inter aUa an anti-ICAM-1 antibody to patients 
suffering from sudi inflammation (see EP-0289949 and EP-0314863), to t^ 
15 viral infection by administoing inter alia an anti-ICAM-1 antibody to patints 
suffering from sudi infection (EP 391088), to prevent the infection df a 
subject with HIV by adminislering inter aUa an anti-ICAM-1 antibo^ Q^O 
90/13281), to prevent the disiswnination of HIV infected cdls by arfminirt fring 
inter aUa an anti-ICAM-1 antibody (WO 90/13316), and to administer inter 
alia an anti-ICAM-1 antibody to mitigate die efiTects of allergens (WO 
90/10453). 

EP 289949 describes tfie prqnration of a murine monoclonal (R6-5- 
D6) havii^ qwdficity for ICAM-1 which is tfie preferred antibody for tfie 
above iderenoedUiaapes. Samples of R6-5-D6 have been dqxnitedwitfi tfie 
American Type Culture Collection as deposit ATCC HB9580 on 30Ui October 
1987. R6-5-D6 has been dqwsited wiUi die ATCC under tiie provisions of 
Rule 28(4) of the EPC. 

Currendy available anti-ICAM-1 MAbs, which are the basis of die 
above described metiiods of treatment, are murine MAbs and as a result are 
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likely to cau$e a significant HAMA response if administered in repeal doses 
to human patients. It would be highly desirable to diminish or abolish this 
undesirable HAMA response by suitable humanization or other apprqpnate 
reoombinant DNA manipulaticni of these potentially highly useful antibodies 
S and thus extend and enlarge thdr use. It would also be desirable to apply the 
techniques of recombinant DNA technology to these antibodies to piqare 
anti-ICAM-1 humanized chimeric antibodies in genoal. , 

We have now prepared anti-ICAM-1 chimeric humanized antibody 
molecules derived from murine MAbs. 

0 SUMMARY Q F THE INVENT! ON 



The present invention provides a method of construcdnig a chimeric 
andbody molecule. Specifically the present invention provides a chimeric 
antibody mdecule conq>riring heavy and/or light chain variable r^ons of an 
anti-ICAM-1 antibody. I 
IS The invention further pertams to the chimeric antibody of the present 

invmtion which are detectably labeled. j 

Hie present invention further provides a process for producing an anti- 
ICAM-1 humanized chimmc antibody molecule. 

The present invention fiirtiier provides DNA coding for a heavy or 
20 ligbtcfaain variable r^on of a chimeric anti-ICAM-1 antibody. 

The mventicm additionaUy includes a recombinant DNA molecule 
capable of ei^pressing die chimeric antibodies of the presnt invention. 

The invention furtha includes a host cell capable of producing die 
diimeric antibodies of the present invention when transformed by the 
25 recombinant DNA molecules disclosed herein. 

The invention additionally includes diagnostic and therapeutic uses for 
die chimeric antibodies of die present invention. 

The invention further provides a meOiod for treating inflammation 
resulting ftom a response of die specific defense systan in a mammalian 
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subjertwhiiAocmjiniMpiovidii^toasii^^ f such treatment an 

amount of an anti-inflamnutory agent sufficient to suppress the inflammation, 
wherein the anti-inflammatoiy agent is a humanized diimeric antibody capable 
of binding to ICAM-1. 

Hie invention fimher provides a method for treating non-jpediic 
inflammatira in humans, and odio- mammals. 

In detaa, the invration includes a mediod for treating inflammation 
resulting from a response of the specific and non-!?)ecific defense system in 
a mammalian subject which comprises providing to a subject in need of such 
treatment an anti-inflammatoiy agent, capable of binding to an ICAM-1, in an 
amount sufficient to suppress the inflammation; wherein the anti-inflammatoiy 
agent is a humanized chimeric antibody capable of binding to ICAM-1. 

nie invention further includes the above^lescribed method for treating 
inflammation wherein the inflammation is assodated with a condition selected 
from the group consisting of: adult respiratory distress syndrome; mult^ 
OTgan injury syndrome secondary to sqMicemia; multqde organ injury 
syndrome secondary to tianma; repeifusioa iqjury of myocardial or other 
tissues; acute glomendonqduitis; reactive arthritis; dermatosis with acute 
inflammatory conqxments; acute purulent meningitis or other central nervous 
system infiammatoiy disorders such as stroke; thermal injury; hemodialysis; 
leukapheresis; ulcerative colitis; Crohn's disease necrotirii« enteiocolitisi 
granulocyte transfiisioo associated syndrome; and cytokine-induced toxidty. 

Tbe invention further provides a metiiod of suppressing die metastasis 

of a hematcqwietic tumor cell, the cell requiriiig a functional member of the 
LFA-1 &may for migiation, wherein said method comprises providing to a 
patiat in need of sudi treatment an amomit of an anti-inflammatory agent 
suffident to suppress die metastasis; wherein die anti-inflammatory agent is 
a humanized diimeric antibody arable of binding to ICAM-1. 

The invention further provides a method of suppressing die growA of 
an ICAM-l-expressing tumor cdl which comprises providing to a patient in 
need of sudi treatment an amount of a toxin sufficient to suppress die growdi. 
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the toxin bdng dmvati2ed to OM of tte fttie present 

invention. 

The invention fiurther provides a method of disgnosii^ the presence 
and location of an inflammation resulting firom a reqxmse of the specific 
5 defense system in a mammalian subject suspected of having the inflammation 
v4iidi comprises: 

(a) admmistering to the subject a compositioa containing a 
detectably labded chimeric antibody capable of identifying a cdl ^cfa 
^qiresses ICAM-1, and 
10 (b) detecting the bfauling ligand. 

The invention additionaOy provides a method of diagnosing the 
presence and location of an inflammation resulting from a respcmse of the 
specific defense system in a mammalian subject suspected of having the 
inflammatiro which comprises: 

(a) incubating a sample of tissue of the subject with a compositicm 
containing a detectably labeled chimeric antibody capable of identifyii^ a ceia 
which escpresses ICAM-I, and 

(b) detecting iht biruiing ligand. 

The invention iiirther provides a m^od of diagnnritig the presence 
and location of an ICAM-l-expressing nimor cell in a mammalian subject 
suspected of having such a cdl, which comprises: ' 

(a) administering to the subject a composition containing a 
detectably labeled chimeric antibody capable of binding to ICAM-1, and 

(b) detecting the binding ligand. 

The invention further provides a method of diagnosir^ the presence 
and location of an ICAM-l-eqnesang tumor cdl in a mflfnmaiifm subject 
suspected of having sudi a cdl, whidi comprises: 

(a) incubating a sample of tissue of the subject with a composition 
containing a detectably labded chimeric antibody capable of binding ICAM*1, 

30 and 

(b) detecting the binding ligand. 
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Hie invention additionally indndes a jAamacentical coaqiosition 
oonipriaQg: 

(a) an anti -inflammatoiy «gent conasting of a dnmeric antibody 
cqaUe of hindii% to ICAM-1, and 

(b) at least one imnumosupinesslve agent selected fnm the group 
consisting of: dexametfaasone, azalluopiine and cydo^Kuin A. 

Tl« present invention also relates to the use of dumeric antibodies 
capable of bindiqg ICAM-1 in anti-viial tiienpy. 

In detail, die invention provides a metiKxi fiar treating viial infection, 
wherein said vinis binds to the ICAM-1 receptor, in an mdividual in need of 
soch treatment, wherein the method oonqnises providing to the individual an 
amount of a chimeric antibody csqable of binding ICAM-1 suffident to 
suppress vind infection. 

The invention further provides a method for suppressing the infection 
of leukocytes witii mv, which comprises administering to a patient exposed 
to or effiBCted by HIV. an effisctive amount of an HIV-1 infection suppression 
agent, tile agent being a dumeric antibody capable of binding to ICAM-1. 

lite invention further concerns tiie embodiment of die above metiiod 
wherein die HIV is HIV-1. 

n»e invention further provides a meUiod for suppressing tiie 
extravascular migration of a virally infected leukocyte in a patient having sndi 
a leukocyte, which comprises administering to tiie patient an effective amount 
of a chimeric antibody arable of impairing ttie abilhy of said leukocyte to 
bind to ICAM-1. 

The invention further comprises die embodiment of tiie above-described 
mrthod wherein die viiaUy infected leukocytes are infected witii HIV. 

Tlieinveotionfiirther comprises die embodiment of tfie above-described 
mdhod wbeidn tiie agent is a diimeric antibody c^Ie of binding to ICAM- 
1. 
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The invration further profvides a method for treat^g asthma in a 
patient which comimses providii^ to the patient an effective therapeutic 
amount of a diimeric antibody cafiaUe of binding to ICAM-I 

The invention fiirther concerns die embodiment of the above described 
5 mettods wherein the diimeric antibody capable of binding to ICAM*1 is 
derived from the murine monoclonal antibody 

Brief Description of the Fipires 

Figure 1 shows die cDNA sequence for tfie 5* untranslated rpgion, signal 
sequence, variable region and part constant region for the R6- 
10 S-D6 murine MAb light chain; 

Figure 2 shows similar cDNA and amino add sequence for die R6-S-D6 
murine MAb heavy chain; 

Figure 3 shows a plasmid diagram of plasmid expression vector pEE6 
hCMV; 

15 Figure 4 shows plasmid diagrams indicating die strategy for cmstruction 
of light chain expression plasmid pALS; 
Figure S shows plasmid diagrams mdicating die strategy for constructim 

of heavy chain expresaon plasmid pAL6; 
Figure 6 shows a gaph giving results of a competition assay oomprising 
20 bindii^ of recombmant and murine R6-S-D6 and a control 

MAb UPCIO; 

Figure? shows plasmid diagrams indicating the strategy for die 
construction of chimeric light chain expression vector pAL7; 
Figures shows plasmid diagrams indicating die strata for the 
25 construction of chimmc heavy chain (IgG2 isotype) expression 

vector pAL8; 

Figure 9 shows outiine restriction m^s for tfie diimeric heavy chain 
expression vectors pAL8 and pAL9; 
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Figure 10 shows plasmid diagrams indicatiiig the procedares involved in 

the construction f the GS anqdification chimeric light chain 

eqnession vector pALlO; 
Figure 11 shows similar plasmid diagrams for the construction of the GS 

chimeric heavy chain QgG2 isotype) expression vector pAL12; 
Rgure 12 shows similar diagrams for the chimeric heavy chain (IgG4 

isotype); 

Figure 13 shows SDS-PAGE analysis under non-iedudng and reducing 
conditions. The notation above each lane describes the type of 
gene used in the transimt expresaon experiment 
mL mouse light cL chimeric light 

% chimeric heavy mH mouse heavy 
Yj chimeric 7, heavy B72.3 control cL/cH genes 
Rgure 14 shows SDS-PAGE analysis of purified chimeric anti-ICAM-l 
antibody or (A) non-redudng and (b) reducing gels. 
On each gd Lane 1 is contrDl chimeric B72.3 

antibody (]gG4) 
Lane 2 is Pharmacia low mdeeuter 

wd^t markers 
Lanes 3-9 are chimeric anti-ICAM IgG2 
4ftg -» 0.125|{g in doubliitg 
dQutions 

Lane 10 is Fhannada low oKdecuter 
wei^t markers 
Lanes 11-17 are diimeric anti-ICAM lgG4 
4pg -» 0.125;tg in doubling 
dilutions 

Figure 15 shows HPU: Gd filtration of diimeric anti-ICAM antibody of 
IgG2 and ]gG4 isot^. 

The profiles are superiroposable and dute at a time which 
correqxmds to 15Qkd tetrameric antibody. - 
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Figures 16 slums graphs of binding assays of chimeric 

and 17 antibodies against stamianls, and 

Figures 18 shows graphs f oomp^tion binding as^ys 

19 and 20 of chimeric antibodies against standards. 

Figure 21 Inhibition of MLR with antibodies. 

Figure 22 Inhibition of Vascular pmneability in a modified 
Sdiwartzmann Assay with antibodies. 

Brief Description of the Preferred l^mtui dm^f 



A. Humamr^ A"^>?tfiW 

Hie first embodiment of the present invention provides a chimeric 
antibodies molecule comprising heavy and/or light chain variable x^ons of 
an anti-ICAM*l antibody. 

lypicaUy the anti-ICAM-1 antibody is a rodent MAb. 

Spedfically, in the first embodiment of the present invention the 
tumeric antibody is a humanized chimeric antibody molecule. In ^ch case 
die chimeric antibody comprises heavy and/or light chain variable j^ons of 
a non-human (e.g. , rodent) anti-ICAM-1 antibody linked to heavy and/or light 
diam constant rt^cm domains of a human antibody. The DNA which codes 
for such humanized chimeric heavy and/or light diains comprises DNA coding 
for the non*human variable region domains linked to DNA coding for human 
constant region domains. 

The chimoic antibodies molecule of the presoit invention may 
comprise: a complete antibody molecule, having full lengtii heavy and light 
chains; a fragment thereof, such as flie Fab or (Fab% fragment; a light chain 
or heavy chain monomer or dimer, including fragments tiiereof or any 
chimMic antibody molecule wiUi tfie same specificity as an anti-ICAM-1 
antibody. 

The chimeric antibodies of the present invention may be a "chemical 
derivative" of the antibody. As used herein, a molecuTe is said to be a 



wo 91/16928 

PCr/llS91/02946 

-22- 



10 



15 



20 



25 



30 



-chemical derivative- of another mdecole ^ it contains additional 
chemical mdeties not nonnaDy a part f the molecule. Such moieties may 
improve the molecule's solubility, absorption, biological half life, etc. Tlie 
moieties may alteraativdy deciease the toxicity of the molecule, eliminate or 
attenuate any undesirable side effect of the molecule, etc. Moieties capable 
of mediatii^ such effects are disclosed in Itmingion's Phamaceuiical 
Sdefices (1980). "Toxin-derivatized- molecules constitute a special dass of 
-chemical derivatives." A "toxin-derivatized' molecule is a mdecule 
as ICAM-1 or an antibody) which contains a toxin moiety. TTie binding of 
such a molecule to a cell brings die toxin moiety into dose proximity ivith die 
cdl and thereby promotes ceU death. Any suitable toxin moiety may be 
employed; however, it is preferable to employ toxins sudi as, for example, 
the ridn toxin, the diphtheria toxin, radioisotopic toxins, membnme<Aam»d' 
forming toxins, etc. Inures for coupling sud. moieties to a molecule are 
wdl known in the art. Altemativdy the diimecic antibody can be atladied' to 
a macnjcycle, for chelating a heavy metal atom. | 

Altemativdy, ti« procedures of recombinant DNA tedmology may'be 
used toproducea "diemical derivative" of fliechimeric antibody in whidi the 
Fc ftagmem or CH3 domain of a complete antibody molecule has lieen 
iqlaced by or has atladied thereto by peptide linkage a fimdional 
mm-immunoglobulin proton sudi as an enzyme or toxin molecule. 

In the case of humaniarf diimeric antibody molecules, tiie remainder 
of the molecule may be derived iiom any suitable human immunoglobulin. 
Human constant region domains may be sdected having regard to the 
I»t1)osed fundion of ti« antibody in particular the eff^ 
maybeiequiied. Fbr exanqde, the constant r^on domains may be hmnan 
IgA. IgE, IgC or IgM domains. In particular, IgG human constant region 
donudns may be used including any of the IgGl. IgG2, IgG3 and IgG4 
isotypes. THUS IgG2 or pieferaWy IgG4 isotw« may be used when die 
hunumized diimeric antibody is intended for therapeutic purposes, requiring 
an absence of antibody effedor functions e.g.. to blodc ICAM-l-LFA-l 
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interacticms. Chimeric IgG anti*ICAM-l antibodies may have different 
avidities dq)endiiig on isotype and this may influence the dieiapeudc choice. 
Most ptefeiBbly IgGl human constant it^on domains ane used. We have 
found that a IgGl diimoic antibody dfpeaxs to have a higber binding avidity 
5 forlCAM*! than IgG2 or ]gG4 diimeric antibodies, posdbly due to a greater 
flexibili^of thelgCl hinge promcrtii^ bivaleat bindii^ to the antigen. 

The remainder of the humanized chimedc antibody molecule need not 
comprise only protein sequraoes from the human immunoglobulin. For 
instance, a gene may be constructed in which a DNA sequence enoodirig part 
0 of a human immunoglobulin chain is fused to a DNA sequence encoding the 
amino add sequence of a polypqitide effector or iqioiter molecule. 

Preferably, the diimeric andbody molecule of the present invention 
will be produced by recombinant DNA technology. 

A second embodiment of the present invention provides DNA coding 
5 foraheavyorlightdiain variable rc^on of an and-ICAM-1 antibody. , 
A third embodiment of die present invention provides a process for 
producing an anti-ICAM-1 humanized diimeric antibody molecule which 
process comprises: I 
(a) producing in an expression vector an operon having a DNA 
) sequence which encodes an antibody heavy or light chain 

whodn at least die variable domain is derived from a non- 
human (rodent) anti4CAM-I antibody and tfie remaining 
immunoglobulin-derived parts of the antibody chain are derived 
from a human immunoglobulin; 

producing in an expression vector an qpeion having a DNA 
sequence ^ch oicodes a complonentary antibody light or 
heavy chain whmin at least die variable domain is derived 
from a non-human- (rodmt) anti-ICAM-1 antibody and the 
lemainir^ inununoglobulin-derived parts of the antibody chain 
are derived from a human immunoglobulin; ' 
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(c) tiansfectiiigabostcen witbtfaeoreadivect{ff;aiid 

(d) cultming the transfected cdl line to prodnoe the humanized 
chimedc antibody molecule. 

Hie cell line may be tiansfected with two vectara, the fint vector 
containing an openm encodiiig a light chain-derived polypeptide and the 
secmd vector containing an openm encoding a heavy chain-derived 
polypqrtide. Frefienbly, the vectors are identical excqit in so ftr as the 
coding sequences and selectable markeis are concerned so as to ensure as far 
as possible that each pcdypqrtide chain is equally eiqnessed. 

Aliemativdy, a single vector may be used, the vector including the 
sequences enco^ both light chain- and heavy diain-derived poIypq)tides. 

Ihe DNA in die coding sequences for the light and heavy chains may 
comprise cDNA or genomic DNA or both. However, it is preferred that the 

DNA sequence encoduig die heavy or light chain comprises at least paitiaUy 
genomic DNA. Most preferably, the heavy or light chain encoding sequence 
omqnises a fusion of cDNA and geoomic DNA. 

Thus, the present invention also includes doning and expression 
vectors and transfected ceQ lines used in the process of the invention. 

"Ihe general methods by whidi the vectors may be constructed, 
transfection methods and culture mediods are weU knownper m and form no 
part of the invention. Such methods are shown, for instance, in Maniatis 
«r a/., Mokcular Clomng, Cold Spring Harbor, New York (1982); and 
Primrose and Old, Principles qT Gene Manipulation, Blackwdl, Oxford 
(1980). 

The anti-ICAM-1 antibodies of the invention include all anti-ICAM-1 
^fidties. Typically, however, the antibodies have ^fidty for antigenic 
qiitppes of lCAM-1 which when' bound by the antibody block, mhibit or 
otherwise modify ICAM-l/LFA-1 and or ICAM-lAMac-1 inteiactions. 
Preferably the antibodies have spedfidQr for the same or simihr ICAM-1 
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antigenic qritqpes as the R6-5-D6 etc. antibodies. Most espedaDy the 
antibodies aie derived from the R6-S-D6 antibody. 

B. Theranentics and Diagnoris 

The present invention also indudes therapeutic and dia gnp sric 
5 conipositions containing tfie chimoic antibodies of Uie invention and uses of 
such conipositions in then^ and diagnosis. 

The thoapeotic uses to wtuch the products of the anti-ICAM-I 
invoition may be put include any of the ther^ieutic uses to whidi anti-ICAM- 
1 antibodies may be put including for example any or all of die therapeutic 
10 uses described in EP-0289949, EP-0314863, and corresponding plications. 

1. Anti-Inflammatorv Agents 

A. Specific Tnflfltnmarimi ^ 

Monoclonal antibodies to members of the CD 18 or GO-ll/lg complex 
inhibit many adhesion dq)endent fimcdons of leukocytes including binding to 

15 endothelium (Haskard, D., et d., J. Immunol 757:2901-2906 (198^), 
homotypic adhesions (Rothlein, R., er al., J. Bgi. Med. id?:1132-l]49 
(1986)), antigen and mitogen induced proliferatim of lymidiocytes (Davignon, 
D., a aL, Proc Natl Acad. Set., USA 7B:4535-4539 (1981)), antibody 
formation (Fischer, A., er al., J. Immunol J55:3198-32Q3 (1986)), and 

20 effector fimcdons of all loiko^tes sudi as lytic activi^ of cytataac T ceils 
(Kiensky, A.M., er al., J. bnmunol iJ2:2180-2182 (1984)), macrophages 
(Strassman, G., er a., J. bnmunol. 756:4328-4333 (1986)), and aU cells 
involved in antibody-dependent ceHular cytotoxidty reactions (Kohl, S.,aal, 
J. Immunol 755:2972-2978 (1984)). In aU of the above functions, die 

25 antibodies inhibit the ability of die leukocyte to adhere to the apprvgviate 
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ceUular substrate which in tumHBlnT)its tte Altboqgb both 

polydmul and monoclonal antibodSes may be eoqdotyed to inhibit these 
Amcticm, die present invention provides an inqnovement through the use of 
a chimedc anti-ICAM-1 antibody. 

As discussed previously, the binding of ICAM-1 molecules to tiie 
memben of lFA-1 bnaiy of molecules is of cental impodance in cellular 
adhesioo. Tlirough the process of adhesion, lymphocytes are capable of 
continuaUy monitoriqg an anhnal for tiie presence of foreagn antigens. 
Although these processes are normaUy desirable, tii^ are also tiie cause of 
organ tianqdant n^ection, tissue graft rgection and many autoimmune 
diseases. Hence, any means c^ie of attenuating or inhibiting cdlular 
adhesion would be highly desirable in recipients of organ tramplants, (e.g., 
Itidnqr), tissue grafts or autdmmune patients. 

A chimeric antibody capable of binding to ICAM-1 is highly suitable 
15 Man anti-inflammatory agent in a mammalian subject. SignificanUy, such an 
agent differs finom general anti-inflammatoiy agents and non-humanized 
antibodies in tiiat tiiey are cqnble of selectively inhibiting adhesion, do not 
ofifer otijer side effects such as nq)hrotoxicity which are found with conven- 
tional agents, and Kmit tiie amount of HAMA associated wifli tiie use of 
20 murine MAbs. A chimeric antibody capable of binding to ICAM-1 can 
tiierefore be used to prevent organ (e.g. kidney) or tissue njection, or modify 
autoimmune ze^xmses witiiout tiie fear of such side effects, in tiie mammalian 
sidijeet 

Importanfly, tiie use of humanized antibodies capable of recognizing 
25 ICAM-1 may permit one to perftnm organ transplants even between 
individuals having BLA miMffl Udi, 

In die fimh embodiment of tiie present invention a metiiod for 
suppressing ^fie inflammation is provided wherein said metiiod comprises 
providing to recipient subjects in need of such a treatineat an amount of one 
30 of tiie chimeric antibodies of die present invention sufiident to suppress 
inflammation. An amount is said to be sufiident to "suppress- inflammation 
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if the dosage, loute of administradon, f the agrat aie suffideat to 
attenuate or prevent inflamm^Hw. 

Hie dumeric antibody may be administered either alone or in 
oombinatim widi one or more additional immimosuppressive agents 
(espedaQy to a xecipimt of an organ (e.g. kidney) or tissue transplant). Hie 
administration of such a composition may be for dtfao* a 'pippbylactic* or 
■therapeutic* purpose. When provided prophylactically, the 
inununosuppressive composition is provided in advance of any inflammatory 
response or symptom (for example, prior to, at, or shortly after) die time of 
an organ or tissue transplant but in advance of any symptoms of organ 
rejection). The prophylactic administradon of the compoation serves to 
prevent or attenuate any subsequent inflammatory response (such as, for 
example, rgection of a transplanted organ or tissue, etc.). When provided 
thmpeuticaDy, the inununosuppressive composition is provided at (or shordy 
after) the onset of a symptom of actual inflammation (such as, for exaniple, 
organ or tissue rg'ecdon). Hie ttierq)eudc administradon of the composidon 
serves to attenuate any actual inflammation (such as, for example, die 
rejection of a transplanted organ or tissue). 

The anti-inflammatory agents of the present invention may, thus, be 
provided dther prior to die onset of inflammation (so as to suppress an 
antidpated inflammation) or afto die iiutiation of inflammation. 

Since ICAM-1 molecules are expressed mosdy at dtes of inflammation, 
sudi as diose sites involved in ddayed type hypersoisitivity reaction, 
antibodies (espedally chimeric antibodies derived firom anti-ICAM-1 
monoclonal antibodies) capable of binding to ICAM-1 molecules have 
ttierapeutic potential in die attenuation or elimination of sudi reactions. This 
potential dierapeudc use may be expldted in ddicr of two manners. First, a 
composition containing a chimeric antibody capable of binding to ICAM-1 
may be admmislered to a patient experiencing delayed type hypersensitivity 
reacticm. For example, such compositions might be provided to a individual 
wh had been in contact with antigais such as pdson ivy, poison oak, etc. 
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In a sixth embodiiiffint. one of the chineric antibodies of the 
invention is administered to a patient in conjunction «dlh an an^ 
to prevent a subsequent infIamniaioiy_jBactiQn._Jlius._Jbe additional 
administration of an antjgm with an ICAM-l^iindiqg cfaimede antibody may 
temporarily tolerize an individual to subsequent presentation of that antigen. 

Sim* LAD patients that UOl lFA-1 do not mount an inflammatory 
nspout, it is believed that antagonism of LFA-l's namial ligand, ICAM-1, 
will also inhibit an inflammatory «q»nse. Tlie ability of antibodies againsi 
ICAM-l to inhibit inflammation provides the basis for their therapeutic use in 
the treatment of chronic inflammatory diseases and autoimmune diseases such 
as hipos oytittmatosus. autoimmune tiiyroiditis, experimental allergic 
eocq,halomyditis CEAE). multiple sclerosis, some forms of diabetes 
Keynaud's syndrome, rheumatoid arthritis, etc. Such antibodies may also be 
anployed as a therapy in the treatment of psoriasis. In genend. a chimeric 
antibody capable of binding ICAM-l may be employed in tiie treatment of 
those diseases curienfly tnatabk diiD«(gh steroid tiierapy. 

Non-snerifirlnflamn,;,^^-,^ 

Tlie present invention derives from tiie discovery that ICAM-l oo 

endothelial cdU binds to the members of tiie CD18 fimrily of molecules on 
granulocytes responsible for mediatir« granulocyte^mdothdial ceD adhesion 

andfluuantagonistsoflCAM-larecapableofinhibitingsuchadhesion. Su«4 
inhihltionprovidesameansfortreatii«geoerf.non-,x«^ 

Since cellular adhesion is required in order tint leukocytes may 

migrate to sites of non-specific inflammation and/or cany out various effector 
functions contributing to the inflammation, agents which inhibit ceUular 

adhesion will attenuaieorpreveot tins inflammation. A "non-specific defense 
system reaction- is a response: mediated by leukocytes incapable of 
munmiological memory. Such cdls include granulocytes and macrophages 
As used herein, inflammation is said to result frem a response of the non- 
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qpedfic defense system, if the inflammaricm is caused by, mediated by, or 
associa t e d wA a leacdon of tibe non-spedlic defense system. Exanq>les of 
inflammation which result, at least in part, from a reaction of the non-spedfic 
defense system indude inflammation associated with cm adult 
5 fcsimatory distress syndrome (ARDS) or multiple organ injury qmiiomes 
secondary to sqrtioemia or trauma; reperfiision injury of myocardial or other 
tissues; acute glomoiilonephrids; reactive arthritis; dermatoses with acute 
infl a mm a to ry components; acute purulent meningitis or other central nervous 
system inflammatory disorders, e.g. stroke; thermal injury; hemodialysis; 

10 leukapheresis; ulcerative colitis; Crohn's disease; necrotizing enterocolitis; 
granulocyte transfusion associated syndromes; and cytokine-induced toxicity. 

In a fifth embodiment of the present invention a method of treating 
non-specific inflammation is provided wheidn said method comprises 
providmg to a subject in need of such treatmmt an effective amount of one of 

IS the diimoic antibody of the psesent invention. 



2. Diagnostic and Prognosrifi Applirarirm^ 

Since ICAM-1 is eiqiressed mostly at sites of inflammation, a chimeric 
antibody ciy»ble of binding ICAM-1 may be employed as a means of imaging 
or visualiaong the dtes of infectior and inflammation in a patient. 

In an dghth embodiment of the present invention, a chimedc antibody 
is detectably labeled, through the use of radioisotopes, affinity labels (sudi as 
biotin, avidin, etc.) fluorescent labels, paramagnetic atoms, etc and are 
provided to a patient to localize the site of infectim or inflammation. Proce- 
dures for accomplishing such labelmg are well known to the art Clinical 
plication of antibodies in diagnostic imaging are reviewed by Grossman, 
H.B., Vrol QifL North Amer. JJ:465-474 (1986)), Unger, E.C. ei al.. 
Invest. Radiol. 2^693-700 (1985)), and Khaw, B.A. et al.. Science 209:295- 
297 (1980)). 



wo 91/169Z8 

PCr/US9l/02>46 

-30- 



n» detection of fbd of such detedaUy labded antibodies is indicative 
of asiteofinflanunationortuinordcvelqpineot In one embodimmt, this 
fyaminatiwi for inilammatioo is done by removing sanq>les of tissue, 
including Uood ceDs. and incubating such samples in the presence of the 

5 detectaWy labeled antibodies. In a preferred embodiment, this technique is 
done in a non-invasive manner through the use of magnetic imaging, flooio- 
graphy. etc. Such a diagnostic test may be employed in monitoring organ 
transphmt recipients for early signs of potential tissue iqection. Such assays 
may also be conducted in efforts to determine an individual's predilection to 

10 Aeumatdd arthritis or otiier chronic inflammatory diseases. 

^- Adjyngt to the Tntroduction of Antigenic rx^tp^n} ^ ^,^1^ , ^^ ^ ^ 

for The^>n«1rt^^ ^ pjpgnostie Thwpn^ 

Immune responses to tiierapeutic or diagnostic agents such as, for 
example, bovine insulin, interferon, tissue-type plasminogen activator « 

murine monodonalamiTiodiessubstantiaUyimpairtiietheiapeuticordiagnostic 
value of such agents, and can, in fact, causes diseases such as serum sickness. 
Such a situation can be remedied through the use of the chimeric antibodies 
of die present invention. In tiiis embodiment, such antibodies would be 
administered in combination ^tiittie tiierapeutic or diagnostic agent i 

In a ninttj embodiment of die present invention die addition of an 
effective amomit of a chimeric antibody widi qwafidty to ICAM-1 is 
administer to a subject in order to prevent the recipient fiom lecogniang the 
agent, and tiierefore prevent die leajnent fiom initiatiqg an immune reqxmse 
againstit. The absence of such an immune re^wnse results in the ability of 
thepatient torecdve additional administrations of the tiierapeutic or diagnostic 
agent 
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Anotber aspect of die present inveotim relates to the discoveiy of that 
ICAM-1 is Ha oeUnlar reoepuir of certain vinises, and is ttius xequiied in 
order -for die virus to adhere to and infect human cdls (Gieve, J.M. a aL, 
Ca 5tf:839-847 (1989); Staunton, D.E. er a!., CeU 56:849-853 (1989). both 
of which reiierences are incorporated by refoenoe herein in their entiiety). 
In particular, rhinoviruses, and especially ihinoviruses of the major serotype 
have been found to be capable of mediating their infection through Iheir 
capacity to bind to the ICAM-1 molecules present on cell surfaces. 

Hie tenth embodiment of the present inventim is directed toward the 
use of chimeric antibodies capable of binding ICAM-1 to treat viral infection. 
Because such antibodies are capable of blocking the ICAM-1 of endothelial 
cefls ftff viral attadiment, tbdr administration to a recipient individual resuUs 
in the decrease in receptors available for viral binding, and thus decreases the 
percentage of viruses which attadi and infect the cells of an individuaL 

ICAM-] has the ability to interact with and bind to viruses, and in 
particular, rhinoviruses of the m^ serotype within the genus Picomaviiidae, 
group A coxsackieviruses (Colonao, RJ. et a!., J, virol 57i7-12 (1985)) aiJd 
Mengo viruses (Rossmann, M.G. er at, Virol. 76^:373-382 (1988)). This 
interaction is mediated by ICAM-1 amino add residues which are present in 
domain 1 of die ICAM-1 molecule. Sudi interactions are assisted, however, 
hy oontributiois from amino adds present in domains 2 and 3 of ICAM-'l. 
Thus, among die preferred chimeric antibodies of diis embodiment are 
antibodies capaUe of binding to domains 1, 2, and 3 of ICAM-1. More 
pnrfoied are diimeric antibodies capable of binding to domains 1 and 2 of 
ICAM-1. Most preferred are chimeric antibodies capable of binding domain 
lof 

ICAM-1. 

The administration of die and-viral agents of die present invention may 
be for ddier a "prophylactic" or- "dierapeutic" puipose. When provided 
prophylacticaDy, die anti-viral agoit is provided in advance of any symptom 
of viral infection (for example, prior to, at, or shortly after die time of 
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infectioD, bat in advance of any synqMoms f sncli infection). The 
prophylactic administration of the agent serves to prevent or attenuate any 
subsequent viral infectim, or to reduce the posdbility fliat sudi infection will 
be oontagtous to otheis. 

When provided dieiapeutically, the anti-viral agent is provided at (or 
shortly after) the onset of a syinptom of actual viid infection (such as, for 
examp]t, nasal congestion, fever, etc Ihe theiqientie administration of the 
agait serves to attenuate any actual viral infection. 

The anti-viral agents of the present invention may, thus, be provided 
either prior to flte onset of viial infection (so as to sqipress an anticipated 
infection) or after the initiation of sudi infection. 

5- SgPPTOSiWi of HIV Infflrtion and the nreventinn rrf the 
Disseminarimi nf Infeetfld rril^, 

The eleventh enibodimait of present invention provides a method for 
15 «npP«s««hg the infiKtion of mv, which comprises administeriflgi^ 

infected individual an effective amount of an HIV infection suppression agent 
AltiKnigh tiie invention is particuhuly concerned with a mediod for tiie 

suppression of mv-l infection, it is to be undeistood tiiat Uie metiiod may be 
applied to any HIV-1 variant (such as, far example, HIV-2) whid> may infect 
cdls in a wqr which msy be suppressed by tiie agents of die present 
invention. Such variants are the equivalents of HIV-1 for tiie puiposes of tiie 
presoit invention. 

One aspect of the present invention derives from tiie recognition tiiat 
eiqpression of LFA-1 and, in some cases, ICAM-1, stimulated by HIV 
25 infection, promotes oell-to^ adherence reactions tiiat can increase die 
contact time of infected widi uninfected cells, facDitating transfer of virus 
fiom infected to uninfected ceUs^. Thus, chimeric antibodies capable of 
binding ICAM-1 are able to suppress infection by HIV, and, in particular, by 

mv-l. 
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One means through whidi molecules vAnch bind to ICAM-1 may 
sui^iess mv infection h by impairiqg the cxpresssi 
by HIV-infected cells to bind to the CD 1 1 /CD 1 8 leocpton of a healthy T cell. 
In order to impair die ability of a cell to bind to the CDlla/CD18 lecqytor, 

5 or to the ICAM-1 ligand molecule, it is possible to onploy chimeric 
antibodies cqnble of binding to ICAM-1. 

The agents of the present invention are intended to be provided to 
leqpient subjects in an amount sufRcirat to achieve a suppression of HIV 
infection. An amount is said to be sufficient to "suppress" HIV infection if 

0 the dosage, route of administration, etc. of the agent are suflicieat to attenuate 
or prevent sudi HIV infection. The agents aie to be provided to patients ivho 
are esqx>sed to, or effected by HTV infecdon. 

Hie chimeric antibodies of the present invention may be for either a 
"prophylactic" or "thenpeutic" puipose in die treatment of HIV infection. 

5 When provided prophylacticaDy, the antibody is provided in advance of any 
symptom of viral infection (for example, prior to, at, or shortly after) the tiine 
of such infection, but in advance of any symptoms of such infection). The 
prophylactic administration of tfie antibody serves to prevent or attenuate amy 
subsequent HIV infection. When provided tiierspeutically, the antibody is 

> provided at (or shortly after) die detection of virally infected ceDs. The 
tiioapeutic administratiim of die antibody serves to attenuate any additional 
HIV infection. 

The agents of ttie present invention may, tims, be provided either prior 
to the onset of viral infection (so as to suppress the antidpated HTV infection) 
or aito the actual detection of such virally infected cells (to suppress further 
infection). 



'^09m6m PCr/US91/0294« 

-34- 



In particular, ifae invention provides an improved therapy for AIDS, 
and an enhanced means for suppiessiqg HIV infection, and paiticolarly mv-l 
infocdoa, ixliicfa comprises die co^dministiatiao of: 

CD ICAM-1, a sduUe ICAM-1 derivative, CDl 1 (eiOier CDlla, 
5 CDllb, or CDllc), a SQluUe CDll derivative, CD18, a 

soluble CD18 derivative, or a CDll/CDW heterodimer. or a 
soluble derivative of a CD11/CD18 hetenxUmer and/or 
(n) a chimeric antibody capable of binding to ICAM-1 vith 
(ni) ceU or particle associated CD4 or a soluble derivative of CD4 
10 and/or 

(IV) a molecule (preferably an antibody or antibody fragment) 
capable of binding to CD4. 
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In the twelfth embodiment of the present invention also a method for 
sq>pressing the migration of HIV-infected ceDs is provided wherein said 

method comprises admmistering an effective amount of an anti-migration 
agent to an HIV-infected individual. 

The anti-migration agents of the present invention include any chimeric 
antibody capable of impairing the ability of an HIV-infected T ceD to hind to 
ICAM-1. Chimeric antibodies which bind to ICAM-1 wiU suRxtess migration 
by impairing the ability of the ICAM-l eqnessed by HIV-infected T cells to 
bind tocdis expressing a CDll/CDI8recqrtor. In oider to impair the ability 
of a cen to bind to the CDlla/CD18 receptor it is possible to employ a 
chimeric antibody c^le of binding to ICAM-1. 

The sgenu of the present invention are intended to be piovided to 
reaplm subjects in an amount suffident to suppress the migration of HIV (or 
other vinUy) mfeeted T cdls. An amouit is said to be suffideot to 
-suppress- migration of T cells if the dosage, route of administration, etc. of 
the agent are sufficient to attenuate or prevent such migration. 

Hie administratioo of a chimeric antibody may be for either a 
•prophylactic- or -therapeutic- pmpose. When provided prophylactically, the 
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dumedc antOxxly is provided in advance of any symptom f viral infection 
(for exan^de, prior to, at, or shoifly after) tfie time of sucb infection, but in 
advance of any symptoms of sudi infection). The prophylactic administration 
of the chimeric antibody serves to prevent or attenuate any subsequent 

5 migratioD of viraDy infected T cells. When provided thOTpeuticafly, the 
diimeric antibody is provided at (or shortly after) the detection of virally 
infected T odis. The therapeutic administration of the antibody serves to 
attenuate any additional migration of such T cells. 

The antibodies of the present invention may, thus, be provided either 

0 jOTor to the onset of viral infection (so as to siqjpress the anticipated migration 
of infected T cells) or after the actual d^ection of sudi viially infected cells. 



6. Treatment of Asthnffi 



In the thirteenth embodiment of the present invention a chimeric 
antibody capable of bindii^ to ICAM-1 is used in the treatment of asthma. 

The therapeutic effects of the anti-asthma agents of the present 
invmtion may be obtained by providing such agents to a patient by any 
suitable means (i.e. intravenously, intramuscularly, subcutaneously, enterally, 
or parenterally). It is preferred to administer the agents of the present 
invention intranasally as by nasal spray, swab, etc. It is especially preferred 
to administer sudi agents by oral inhalation, or via an oral ^y or oral 
aerosol. When administering agents by injection, the administration may be 
by continuous inftision, or by single or multiple boluses. 

Hie anti-asthma agents of the present invention are intended to be 
provided to recent subjects in an amount sufficient to lessen or attenuate the 
severity, extent or duration of the asthma symptoms. 

The chimeric antibodies of the presoit invention may be administered 
either alone or in combination with one or more additicmal anti-asthma agents 
(such as methylxanthines (such as theophyUine), beta-adrenergic agonists (such 
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as ca t Br holamin es, lesoidools, saUgemns, and qfliedrine), gluoocortiooids 
(sudi as hydrocmtisone), duomones (such as cromo^ sodium) and 
anticfaolinasics (such as atropine), in order to decrease tiie amount of such 
agents needed to tieat die asthma synqMoms. 
5 TIk administratiao of the diimeric antibodies of the present invention 

may be for eitha- a "prophylactic' or "therapeutic* purpose. When provided 
prqphylacticaliy, the chimaic antibodies are provided in advance of any 
asthma symptom. Tbc prophylactic administiation of the diimeric antibody 
serves to prevent or attenuate any subsequent aMhmatic response. "When 

10 provided therapeutically, the chimeric antibody is provided at (or shortly after) 
the onset of a symptom of asthma. Hie therapeutic administration of the 
antibody serves to attenuate any actual asthmatic qrisode. Ihe antibodies of 
ti»e present invention may, thus, be provided other prior to the onset of an 
anticipated astiimatic episode (so as to attenuate the antidpaled severity, 

15 duration or extent of tiiecjMsode) or after flie initiation of the episode. 

C. AdmmiSttatiffn of the Conino<itioi» of th^ Pr e sent Tnventiftn 

The tiienqpaitic efiects of chimaic antibodies capable of binding 
ICAM-1 be obtained by providing to a patient an efifective amount of a 
chimeric antibody wlucfa is substantially free of natural contaminants. The 
20 diimeric antibodies of tiie present invention disclosed herein are said to be 
"substantiaUy free of natural contaminants" if piqeiations which contain them 
are substantially free of materials wifli whidi tiiese products are normaUy and 
natuialty found. 

Hie present invention extends to diimeric antibodies which may be 
25 produced dtiier by an animal, or by tissue culture, or recombinant DNA 
means. 

In providing a patient with a chimeric antibody, the dosage of 
admmistered agent will vary deeding upon such factors as tiie patient's age, 
wdght, hdght, sex, general medical condition, previous medical histoiy, etc. 
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In gmeral, it is desirable to provide the ledpieat with a dosage of antibody 
which is in the range of from about 1 pg/kg to 10 ]ngA:g (body weight f 
patient), although a lower or higher dosage may be administered. 

A diimeric antibody capable of bindiqg to ICAM-1 may be 
S administeied to patients intravenously, intramusculaily, subcutaneously, 
enterally, topically inhaled, intranasally, or parenteially. When administering 
an antibody, the administration may be by continuous administration, or by 
single or multiple boluses. 

A conq)osition is said to be "pharmacologicany accq)table* if its 
10 administration can be tolerated by a recipient patient. Such an agent is said 
to be administeied in a *therq)eudcally effective amount* if the amount 
administered is physiologically significanL An agent is physiologically 
significant if its presence results in a detectable change in the phyaology of 
a recipient patient 

15 The chimeric antibodies of the present invention can be formulated 

according to known methods to prepare phannaceudcally useful compositions, 
whereby these antibodies are combined in a mixture with a {Aarmaceutically 
accq>tablc carrier vehicle. Suitable vehicles and thdr formulation, inclusive 
of other human protdns, e.g., human serum albumin, are described, for 

10 example, in Remington's Pharmaceutical Sciences (16th ed., Osol, A., Ed,, 
Mack, Easton PA (1980)). In order to form a pharmaccuticany acceptable 
composition suitable for effective administration, such compositions will 
contain an dfective amount of a chimeric antibody together with a suitable 
amount of catri^ vehicle. 

5 Additional pharmaceutical methods may be employed to control the 

duration of action. ControUed rdease preparations may be adiieved through 
the use of polymers to complex or absorb the diimeric antibody. The 
controlled delivery may be exercised by selecting sqypropriate macromolecules 
(for example polyesters, pdyamino adds, polyvinyl, pyzrolidone, 

0 ethylenevinylacetate, methylcdlulose, carboxymetiiyloellulose, or protamine, 
sulfoto) and the concentration of macromolecules as well as the metiiods of 
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incoijgOTation in order to contiol ideasc-rAnother possible method to control 
the duration of action by controlled rdeaae prepaialiDns is to inooipoiate the 
chimeric antibody into particles of a polymeric mataid such as polyestBrs, 
pdyamino adds, hydr^gds, pdyOactic add) or ethylene vinylacetate 
cqwlymers. Altemativdy, instead of incorporatiqg the antibody into 
polymeric partides, it is possible to eotiap these materials in miciDcapsiiles 
prqwied, for example, by ooaoervation tedmiques or by interiadal 
polymerization, for exanqde, hydraxymetbylceUulose or gelatine- 
microcapsules and poly(metbylmethacy]ate) microcapsnles, respectivdy» or in 
ooUoidal drug ddiveiy systems, for example, liposomes, albumin 
microspberes, microemulsiQns, nanopartides, and nanocqnules or in 
macioemulsions. Such tedmiques are disdosed in Remington's Phanna- 
ceotical Sdences (1980). 



MATERTAf . ^ffiTHnnS 
15 1. 
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Hybridoma cdl line R6-5-D6 producing anti-ICAM-1 antibody Was 
provided by Boehringer Ingelhetm Pharmaceuticab Inc. (Lot No. R6-5-Dk - 
E9-B2 0-29-86) and was grown up in antibiotic ftee Dulbecco's Modified 
Eagles Medium (DMEM) supplemented with glutamine and 5% foetal calf 
serum, and divided to provide both an overgrown supernatant for evaluation 
and cdls for extraction of RNA. The overgrown supematart was shown to 
coatainmurineIgG2a/k5qipaantibody, Cdl culture superaatam was examined 
and confirmed to contain die antibody R6-5-D6. 

2. Molecular Btnlogv Pmij^^^ipg 

Basic molecular biology procedures were as Maniatis et a. (1982) 
(Maniatis er oL, Molecular CUndng, Cold Spring Harbor, New Yori: (1982)) 
witii, in some cases, minor modifications. DNA sequendng was petfonned 
as described in Sanger a el. (1977) (Sanger et oL . Proc. Natl Acad. Sd. 
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VSA 74:5463-5467 (1977)) and the Ammham Inteniatioiial Pic sequeocuqg 
handbooL COS cell expression and metabdic iflhenif^ studies were as 
described in Whittle et d. (1987) (Whitfle er a/., Prm. Eng. i. 5:499-505 
(1987)). Chinese Hamster Ovaiy (CHO) tiansfecdons and ceU cultu^ 
performed as described in Gorman (1988) (Gorman, C. » DNA Oomng 2:143- 
190 6^.(1988)) and Bebbington and Hentschd (1988) (Bebbington et al., DNA 
CJaning 5:163-188 ed. (1988)). 

3. Research Assays 

3.1. Afwav for Sprreted Antibody liriit Chain 

Supematants from CHO cdl lines were assayed for secreted light 
diain, after transfection with light chain expression vectors, as the first step 
in the development of stable cdl lines producing whole chimeric antibody. 
The procedure was as follows: 

96 well microtitre plates were coated with F(ab*)2 goat anti-human ks^ipa light 
chain. The plates were washed with water and sanqiles added and incubated 
for one hour at room temperature. The plates weie washed and F(ab')2 gJat 
anti-human F(ab*)3 Horse radish peroxidase (HRPO) conjugate was then ind d l d 
and Incubated for a iurther hour. En^me substrate was then added to reveal 
the reacticn. 

3.2. Assembly Assays 

Assembly assays were performed on supematants from txansfected 
COS cdls and from txansfected CHO cdls to determine the amount of intact 
IgG present 

3.2.1 COS and CHO Celh tnuLrfterted whh mmise Pi>ii« 

The assembly assay for intact mouse IgG in cdl supematants was an 
EUSA with the following formats 

96 well microtitre plates were coated with VWh goat anti*mouse IgG Fc. 
The pates were washed in water and samples added and incubated for 1 hour 
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at nxnn temperature. Hie plates were washed and FCab*)* gcat anti-mouse 
IgG F(ab')2 (HRPO conjupted ) was then added. Enzyme substrate was then 
added to reveal the reactioi. DPCIO, a mouse IgG2a myeloma, was used as 
St stsndsnL 

3*2^ COS and CHO Cdk tr«t.rf«^ cd wtth Chhn^^ ^ j.^ 

The assembly assay for intact humanized anti-ICAM-1 in COS cdl 
supernatants was an ELTSA with the following fonnat: 
96 wen microtitre plates were coated with F(ab')j goat anti-human IgG Ft. 

The plates were washed and samples added and incubated for 1 hour at loom 
temperature. The plates were washed and monoclonal mouse anti-human 

kappa chain was added and incubated for 1 hour at nom temperature. Tlie 
plates were washed and F(ab'), goat anti-mouse IgG Fc (HRPO oonjitgaied) 
was added. Enzyme substrate was then added to reveal the reaction. 
Chimeric B72.3 (Bodmer et dL, Published Intemadonal Patent Apidication 
WO 89/01783) (IgG4) and pooled, purified human lgG2 and Ig04 (Chemicon) 
were used initially as standards. Later, purified chimeric IgG4 anti-ICAM-l 
was used is a standard for work with diimeiic IgGl anti-ICAM-1. The use 
of a monoclonal anti-kappa chain in this assay allows the amount of chimeric 
antibody to be read from tiie standards. 

20 33. Assay for Anttom mnHt«p ^fff,^ 
33.1 Dirert Bfaafap 

Material from COS and CHO cdl supernatants and purified chimeric 
antibodies were assayed for anti-ICAM-1 antigen binding activity onto ICAM- 
1 positive cdls in a direct assay. The procedure was as follows: 
25 JY cells (a human B lymphoblastoid cdl line which constitutivdy expresses 
ICAM-1 on the cdl suifece) were maintained in culture. Monolayers of JY 
cdls were fixed onto 96 weU- ELKA plates using poly-L-lysine and 
paiafonnaldehyde. and the plates were blocked with a solution of bovine 
scrum albumin in PBS. Samples were added to the monolayers and incubated 
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fiir 1 hour at room tenqwiature. The plates were washed gently using PBS. 
F(ab*), goat anti-huraan IgG Fc (HRPO conjugaied) or F(ab*), goat anti-mouse 
IgG Fc (HRPO conjugated) was then added as a|ipropiiate for humanized or 
mouse sanqdes. Enzyme substrate was then added to reveal the reactiim. The 
negative control for the cdl-based assay was diimeric B72.3 (lgG4) or pooled, 
purified human IgG2 and IgG4 (Chemicon). The positive control was murine 
K6-5-D6 MAb. 

I 

Competftinn JtiniK^f 

Monolayers of JY ceUs were prepared as in 3.3.1. Antibody sanqdes 
were added and incubated oveinight at 4'C. Biotinylated anti-ICAM-1 was 
added to aU the wells. Hie mixtme was left at room temperahiie for 2 hours. 
The plates were washed and either strqrtavidin-HRPO or stieptavidin- 
beiagalactosidase was added. After fiirther incubation enzyme substrate was 
added to reveal the reaction. ' 

PeiipherBl blood was obtained fam normal, healthy donon by 
venipuncture. The Uood (7.5 ml) was layered over 7.5 ml of! a 
Ficoll/Hypaque density gradient (Phaimacia, density « 1.078) room 
temperature and centrifuged at 1000 x g for 20 minutes. Tba cdls woe 
washed, counted on a hemacytometer, and suspended in KFMI-1640 culuire 
medium (Giboo) containmg 50 /xg/ml gentamydn, 1 nM L-glutamine (Gibco) 
and 5« heat inactivated (55 C,30 min) human AB sera (Flow Laboratories) 
Oureafier refened to as RPMI-culture medium). 

Peripheral Uood mononuclear cells (respondo cells) were cultured in 
25 medium at 6.25 X 10^ cells/ml in linbro round-bottomed microtiter plates 
(#76-013-05). Stimulator cells from a separate donor were irradiated at 
lOOOR and cultured with the reqwnder ceUs at the same concentration. 
Responder ceOs were added to wells, followed by the monoclonal antibodies 
and the stimulator cells were added last. The total volume per culture was 0.2 
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mL Controls included re^ndcr cells alone. The culture plates were 
Incubated at 37»C in a 5% COj-humidified air atmoqihere for 5 days. Hie 
wdls were poised with 0.5 uCi tritiated thymidine (»HT) (New England 
Nodear) ibr the last 18 boms of culture. 

The ceDs were harvested onto glass fiber filters using an automated 
multiple sainple harvester (Skatran, Norway), rinsing with distiUed water. 
The filtos were oven dried and counted in Beekman Keady Safe liquid 
sdntOIatioo oocktan on a LXB Betaplate Squid scintiDation counter. 

3^ lb Viwi A«nY|y 
3*4.1 ModifiBd Sp^^TOlfanllml| l ^earfioii 

The local Scfawartzmann reaction in rabbit skin can be produced by an 
i.d. iqection of endotom foUowed by an Lv. challenge injection of zymosan 
18-24 hrs. later. The hemorrhagic necrosis that develops in the previously 
injected sUn sites is characterized by microthrombi, intiavaseolar neutrophfl 
aggregation, jdatdet and fibrin dcpositian, vascular permeability increases and 
nassive extravasation of erythrocytes (RBQ. We have modified this protocol 
for use in the Cynomologous monkey. Separate, distinct skin sites were 
injected i.d. with endotoxin (3 Mg/site) or nonnal saline and 18 hours bter 
these same sites were injected with zymosan (300 ^g/site). The resuMiig 
inflanunataiy response was quantitated at 6 hours post-zymosan by measuring 
the increase in vascular permeability in the endotoxin-injected sites compared 
to the saline-injected sites using «»I-BSA. TTie inhibitory effect of R6.5 (anti- 
ICAM-1), the IgGl, IgG2, and IgG4, chimaics of R6.5 and R15.7 (LFA-I 
beta) were compared to that of normal mouse IgG. AU IgG prqarations were 
25 «<l™nisteredi.v. at 3 mg/kg prior to the zymosan injections. 

Resuh?: 

4. CDNA TJhinrv Cnnrtnifttir 
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CeDs woe grown as described in Section 1 and 1.4 x l(f cdis 
harvested and mRNA extracted uang die guanidinium/Lia cxtiactioo 
prDoedme. cDNA was prepaied by priiniqg from Oligo^ to generate Ml 
length cDNA. The cDNA was metfaykted and EcoRI linkers added far 
5 doning. 

4J. lArarv Canttmrfli^ 

ThecDNA libraiy was ligated to pSP64 vector DNA which had been 
EcoiRI cut and die S' phosphate gnnips removed by calf intestinal phosphatase 
(EooRI/dP). The ligation was used to transform high transfonnation 

10 effideocy Escherichia coU HBlOl {R coU HBlOl) from Bethesda Keseaich 
Labs (BRL) in the case of the light chain and £. cott LM103S picjieied by 
dectroporalion (Dower a cJ., Nud. Adds Res. 16:6127 (1988)) in the case 
of the heavy chain. cDNA libraries were prqKued. 11600 colonies were 
screened for die light chain and 25000 colonies were screened for the heavy 

15 chain. 

5. Sasfiiiiis 

E. cott colonies positive for either heavy or light chain probes were 
identified dto by oligonucleotide soeeniag usiiig the fdigonudeotide: 5' 
TCCAGATGTTAACrGCrCAC for the light diam, whidi is oonqdementaiy 
to a sequence in the mouse kappa constant legicn, or by usmg a 980 bp 
BaniHI-EoQRI restriction fiagment of a pieviousty isolated mouse IgG2a 
constant r^on done. 6 fight chain and 10 heavy chain dones were identified 
and taken for second round soeening. Podtive dones from the second round 
of screeaiqg were grown lip and DNA prepared. The sizes of the gene inserts 
woe estimated by gd dectrophoresis and DNA inserts of a size cqiable of 
containing a full length cDNA were sequenced. 
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6. DNA Siimii.itrlBf 
DNA sequence for the 5* untnuislated r^ons, stgoal sequences, 

variable n^gions and 3' untnuisIaiBd Kskns of m kngth cDNAs were 
obtained and are given in Figure 1 for the light chain and Rgure 2 for the 
heavy diain. 

7. Ccnstnirfinn nf ePWA Vi^tjfrf sAtm VgHnwi 
CcffTcdi expression vectors are based on the plasmid pEE6-hCMV as 

shown in Figure 3 (Bebbington, CJL, Published International Patent 

Application WO 89/01036). A polylinker for the insertion of genes to be 

expressed has been introduced after the msgor inunediaie early 

promoter/enhance of the human Cytomegalovirus (hCKfV). Madcer genes for 

sdection of the pbsndd in transfected eulcaryotic cdls can be inserted as 

Bamm cassettes in the unique Bamm site of pEE6-hCaiV. It is usual 

practice to insert the neo and gpt markers prior to insertion of the gene of 
15 interest, whereas the GS marlcer is inserted last because of the presence of 

internal EcoW sites in the cassette. The sdectaWe markers are ocpressod 
ftom the SV40 late promoter which also provides an origin of i^licalion so 
that the vectors can be used for expression in die COS oefl transient 
expression system. The mouse sequences were excised as EcoRI ftagments 
and cloned into either EE6-hCMV-neo for the light chain (Figure 4) and into 
EE6-hCMV-gpt for die heavy chain (Figure 5). 

faprcssian of cDNA« in 

Plasmids pAL5 (Figure 4) and pAL6 (Figure 5) were oo-transfected 
into COS cdb and supernatant fiom the tiansieat oqnwslon ej^^ 
25 shown to contain assembled antibody which bound to JY cdls (Figure 6). 
Metabolic labdling ejqwiments using «S methionine showed expression and 
assembly of heavy and light chains. 
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9. Constmrfioii nf Ph^ip^^ q^j^ 

Construction of chimede geaes followed a previously described 
tuntegy (Whittle efol. 1987, (Whittle era7., Pmt. Dig. J, 6:499-505 (1987)). 
A restriction ate near die 3' end of die variable domain f^imr is identified 
S and used to attach an oligonucleotide adqiter v^ch codes for the remainder 
of the mouse variable n^oo and includes a suitable restricdm ate for 
attachment to the omstant i^ioo <tf dioioe. 

9A TJfht ^Bln ronrfnirtffCT' 

The mouse light cliain cDNA sequaoe showed an S£aNI site near the 

0 3' end of the variable r^on. The m^ority of the sequoice of the variable 
r^<n was isolated as a 397 bp. Eodll-S&NI fragment An oligoiucleotide 
adapter was designed to rephwe the remainder of the 3 ' region of the variable 
region from the SfiaNI site and to include the 5* residues of the human 
constant n^on up to and including a unique Nad site whidi had been 

1 previously engineered into the ctmstant r^on. The linker was ligated to the 
human gene in Narl cut pRB32 and the SftNX-EcoRI adapted fragment 
was purified ftom the ligation mixture. The constant r^ion was ligated with 
the EcoRI-SftNI cm variable r^on DNA into an EooRI/CIP pEEMiCMV- 
neo treated vector in a three way reaction. Qones were isolated afler 

I tFansformation into £. oolf and tte linkv and juncdon sequences were 
confirmed by DNA seguendqg. 

Figure 7 shows the strategy for construction of the chimeric light diain. 
92 Heavy Qiiiiii Ceae CniMtmrtlnn 
9J.1. Choice of H«.w Ch»in J^yjif 

Chimoic heavy chain genes codiqg for both human lgG2 and IgG4 
isotypes were constructed. 
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9^^. Gene Con^rflffp 

The heavy Cham d>NA sequence ihowed a Baifl site near the 3' 
of the variable legion. Tlieinaiorily of the sequence of the variaMeiegion 
was isolated as a 424bp EooRI/CIP/BanI fiagment. An oligonucleotide 
adapter was designated to iqdaee the remainder of the 3' region of the 

variable i^n IhOT the BanI site up to and indudiiig a unique Hindm si^ 
which had been previously engineered into the fi« two amino adds of the 
constant region. The linto was Bgaled to the Cg gene fiagmeots in Kndm 
cutpRB41 andpKB21 and the Banl-BamHI adapted craistant region fiagments 
were pmified Ihmi the ligation mixtme. Tlie EcoW-Banl variable region 
fiagment was Bgated to each of the constant regions and into the express 
vector (EooMM/CIP treated pEE6-hCMV-gpt) via a three way Ugation. 
Clones were isolated after tiansformation into £ coU HBlOl and the linker 
and junction sequences were confirmed by DNA sequencing. FigureSshows 
die strategy for the construction of the chimeric IgG2 and IgG4 heavy cfaain^ 
and Figore 9 shows an outline plasmid map of pAL8 agG2) and pAL9 

^•^•3 l£Gl HenvT rhain iVnf (-ft^.^^ 

Hasmid pElOOl is an expression vector based on pEE6.hCMV gpt. 

It contains the humanlgGl constant region gene. THeApal site which oocui^ 

at the 5th and 6th codon of the Cail domain is unique m this vector, as is a 
Hindm site 3' to the hCMV promoter. Tbe VH region of the anti-ICAM-l 

heavy chain gene along with the sequence encoding the first five residues of 
human CHI was isolated fiom pAL9 and inserted into pElOOl , previoudy cut 

withHindinandApaI,togivepJA200. The CHI residues carried over from 
pAL9 are identical to those for IgGl therefore no novel sequence is generated 
at the V-C junction. 



W091/16928 PCr/US91/02M6 

-47- 



10* Constnicrtim nf Qilmiirgr Pmressimi 
10.1 GSSmuratpV^n^ 

GS versiaiu of pAL7, pAL8 and ]»AL9 (pgms 7, 8 and 9) woe 
constnicted by npladng the neo and spt BamHl cassettes with a 5.9Kbp 
cassette oontaming the GS gene capaUe of being expressed fiom the SV40 late 
promoter (See Figures 7, 10-12 forplasmid drawings). 

11. Expression n f Chlmerir l^ fflgjf ' 
lia Expresrion in CHS f 

The diimeric antibody plasmid pAL7 (cL), with either pAL8 
(cHIgG2), pAL9 (cHIgG4), or pJA200 (CHIgGl) was co-transfected mto COS 
cells and supernatant firom the transient ocpression experiment was shown to 
contain assembled antibody which bound to the JY human B-oell line. 
Metabolic antibody which bound to the JY human h<di line. Metabolic 
labelling experiments usiQg »S methionine showed expression and assembly 
of heavy and light chains (FSguie 13). AU chimeric antibodies bound wdl to 
the JY cdls. However, the competition assay showed that antibody derived 
from the cL/cfflgG2 or the cL/cHlgG4 combinatioo did not compete as wdl 
as the biotinybted mouse antibody for ICAM-1. The cL/cHlgGl antiboily 
competed better than the cL/cHIgG2 or cL/cHBIgG4 antibodies. 

^•2 Expression fai Chinese TTamcter Ororv frwO) ^fjig 

Stable cell lines were prepared as follows: Chunenc light chain 

expression vecton pAL7 and pALlO containing either the neo or GS maxkets 
were transfected into CHO-Kl cdte by the CaPO* predpitatioo piDceduie. 
After growth on selective medium, positive cdl lines were identified and tfadr 
qwdfic production lales measured usmg and EUSA format assay for 
detection of secreted light chain. The two cdl lines secreting the highest 
levds of light chain (see table bdow) were sdected and retiansfected with 
dther pAL8 or pAL9 to introduce the IgG2 and IgG4 chimeiic heavy chain 
genes along with the gpt marioer. 
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J, LINE 


SELECTABLE 
MASKER 


SPEOHC PRODUCnON 
RATE (pg./cdl/day) 


24 — 


■ neo 


^.1 


46 


neo 


0.9 


25 


GS 


2.0 


27 


GS 


23 



10 



Around 24 lines shown to be secreting chimeric antibody by assembly assay 

EUSA were taken from each tnmsfection. Specific production rales were 

measured and tiie 8 lines with the highest qiedfic production lales aie shown 
bdow. 
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CELL LINE 


SPECIFIC PRODUCnON 
RAIE C«./Ce]l/day) 


neo24 G2-9 


6.9 


neo 24 G2-233 


9.0 


Beo24G4-19 


3.0 


iieo24G4-22 


4.2 


neo 24 64-24 


7^ 


GS 25 G2-12 


11.7 


GS2SG4-5 


2.1 


GS 27 G4-8 


2.3 



The chimeric IgGl heavy chain expression vector pJA200 oontainiiig 
thegpi maricer was transfccted into the chimeric Mght chain eicpressiDg cdl 
lineneo24bytheCaP04precipitati5nimethod. Specific production rales were 
measured, the 4 best lines are shown below. 
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t!Hii- LINE 


SEECfflC PRODUCTION 
RATE (pg./cell/day) 


24.1.48 


3.75 


24.2.7 


1.2 


24.1.41 


1.3 


24.2.11 


1.75 



12. Purification of Chimprfr An^flfffffy 

Antibody was purified from 2xlL harvests of supernatant fiom roller 
cultures for ceH lines GS 25 G2-12, neo 24 04-24 and 24.1.48, and also from 
2x0.5L harvests from neo 24 G2-9 by affinity cbromatogiaphy using Protein 
A Sq)haro8e. Cdl culture supematants were adjusted to pH8.8 with 0.2M 
sodium glycinate and appUed to a protein A Sq>harDse column which had been 
pre-equihT»atedwithglycinc/glycinatebuf&ratpH8.8. After the samples had 
been loaded the column was washed with equih'bratton buffer. The antibody 
was then eluted by sp^tying a solution with a deoeasiog pH gradient 
consisting of 0.2M disodium hydrogen pho^hate and 0.1M dtiie add. 
Antibody containing fractions were pooled and the pB adjusted to 6.5 the 
samples were then dialyzed against phosphate bufifered saline (PBS). Puijty 
and correct assembly of the antibody was tested by redudqg and non-iedudi(g 
SDS-polyaciylamide gd deetrophoiesis (SDS-PAG^) (Fig. 14) and by high 
performance liquid chromatography (HPLQ gd filtration (Figure 15). 
Identity was confirmed by N-terminal amino add sequendqg and amino add 
conqiosition analysis. 
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13. Anahsfc of PurtfM AntthnJiy 

13*1 Results oflMwrt WniiSnf o^tf pBnifwrfttli»> yim^fy 

All chimeric antibodies bound wdl to tiie JY cdls (Figures 16 and 17). 
However , in competition assays only the cIVcHlgG 1 antibody competed nearly 
as wdl as the mouse antibody against die biotinylated mouse antibody for 
binding to ICAM (Rg. 18). The dJcEOgQ^ antibody showed about 3056 of 
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the inhibitory activity of the mouse antibody (Rg. 19) and the cL/cfllgG2 
antibody showed about 10% of the inhibitoiy activiiy of the mouse antibody 
(Fig. 20). 

TTiese data show chimeric anti-ICAM-1 antibodies derived fiom Hi&S. 
D6 have different antigeahindii(g activities dqjeodii^g on TlielgGl 
antibody is neariy as avid as the mouse paieat antibody. Hie ]gG4 antibody 
as 30% of the competitive binding activiiy of the mouse antibody, the IgG2 
has 10% relative activity. IWs resuh is unexpected as all these antibodies 
have identical Inndiqg sites. We attribute these differences to avidity 
alterations imposed on the antibodies by the differing hinge fleriWlity of the 
isoiypes. AfBni^ measuremente of the chimeric IgG4Fa» have shown that 
this has the same afiBnity as the moose Fab thus coofiiming that it is the 
avidity that has altered in constnictioo of the chimeric IgG4. 

The MRL which is an injalEB model of transplantation was inhibited 

by the chimeric lgG4 and IgGl to comparable extent as the mouse r6-5-6D 
antibody. This shows that die cfaimeric MAb wiU inhibit specific 
immunological events ami can thus be used in jiLjasB autdmmune awl 
tranqdantatioo aettii^ (see Fig. 21). 

RgtUts of Modified SrhmiH^nn n R«rffa„ A^ay f; 

The primate Scbwaitzmann reaction was set up to test granulocyte 
function uLmst in tb& presence of an anti-ICAM-l MAb. The chimeric IgGl 
was dighUy more active tiian tiw mouse MAb which in turn was slighdy more 
active in inhibiting activated neutrephil mediated vascular leakage than the 
diimeric IgG4 m the primate modd. Ibis demonstrates that the chimeric and- 
ICAM-l's will be effective in mitigating nentrophfl mediated damage 
associated with reperiiision injmy and odier acute inflammatoiy disoideis (see 
Fig. 22). 
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1. A chimeric antibody nudeaile comprisiqg heavy and/or li ght 
chain variable icgicms of an anti-ICAM-1 antibody. 

2. The dumeric antib«ty molecule of claim 1 which is a 
5 humanized chimeric antibody. 

3. Hie chimeric antibody molecule of claims 1 or 2 having 
attached to it an e£fector or xqxnter molecule. 

4. The chim^c antibody molecule of claims 1-3 con^nising at 
least one chimeric heavy chain and at least one chimeric light chain. 

10 5. The chimeric antibody of claims 2-4 comprising IgG human 

constant region domains. 

6. Hie chimeric antibody of claim 5 comprising IgG2 or ]gG4 
human constant r^on domains. 

7. The chimeric antibody of claim 5 comprising IgGl human 
15 constant fiq;ion domains. 

8. The chimeric antibody of claims 1-7 ¥d»ein said diimeric 
antibody has binding specificity for the same or amilar qiitope(s) as the R6-5- 
D6 antibody. 



? 
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9. The chimeric antibody of claims 1-8 wherein said chimeric 
antibody is derived from die R6-5-D6 antibody. 
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10. A DNA sequence enoodiqg the heavy or light riMrfn vanabte 
r^on of an anti-ICAM-l antOxxty. 

11. A DNA nudecule encoding a chimeric heavy or Qght chain 
conqniai^ the variable region of an anti-ICAM-1 antibody. 

12. The DNA of daim 11 which codes ftr a homanized chimeric 
heavy or light diain. 



10 
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13. Hie DNA of daim 12 coding for a humaniied chimeric heavy 
chain compriring hmnan IgG constant xegion domains. 

14. Tlje DNA of daim 13 comprising a himian IgG2, preferably 
^gG4 or eqpedally IgGl constant T^ion domams. 

15. A vector compriring DNA according to any of daims 10-14. 

16. An e^iiesrion vector compriring in opeaativecombinatiOTDNA 
coding far a cidmeric anti-ICAM-1 light chain and a chimeric anti-ICAM-1 
heavy chain. 



17. A host cdl transformed wth a vector acconiing to claims 15 

or 16. 



18. A process for the production of an anti-ICAM-1 humanized 
chimeric antibody comprising: 

(1) producing an eKpressira vector conqtriang an openm 
having a DNA sequence which encodes an antibody heavy or light chain 
whcrtan at least one of the CDRs of the variable domain aie derived fiom a 
non-human (rodent) anti-ICAM-1 antibodyand theiemaining immunoglobulin- 
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deiived parts of the antibody dhain aie derived finmi a human 
inununpglobulin; 

(2) pioductqg an expies&OQ vector conqirisiog an qperon 
having a DNA sequence which encodes a conqdementaiy antibody light or 

5 heavy chain ixiierein at least cme of the CDRs of the variable domain aie 
derived from a rodent (non-human) anti-ICAM-1 antibody and the remaining 
inununoglobuUn-derived parts of the antibody chain aie derived frmi a human 
immunoglobulin; 

(3) transfectii^ a host cdl with each vector, and 

10 (4) culturing the txansfixtedceU line to produce the cfaimoic 

antibody. 

19. A m^hod of treatment comprising administering an effective 
amount of an antibody pxoduct according to any one of claims 1-9 to a human 
or animal subject 

20. A method for treating inflammation resulting from a reqxmse 
of the specific defense system in a mammalian subject which comprises 
providing to a subject in need of such treatment an amount of an anti- 
inflammatory Bgent sufficient to suppress said inflammation, wherein said anti- 
inflammatory agent is a diimeric antibody capable of binduqg ICAM-1. 

20 21. The inethodofdaun 20, ixdierein said chimeric antibody is one 

or more of the antibodies of claims 1-9. 

22. Themdhodofclaim20,v(iierdnsaidinflamnuitionisadela^ 
type hypersensitivity reaction. 

23. Hie method of claim 20, wherein said inflammation is a 
25 synqrtom of psoriasis. 
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24. TTie method of daim 20, wfaerdn said inflammation is a 
symptom of an autmrnmune disease. 

25. The mediod of daim 24, wherein said autmmmune disease is 
sdected fh>m Ihe group consisting of Reynand's syndnune, autoimmune 

5 thyroiditis, EAE, moltqile sderosis, ifaeumatoid aitbtitis and lupus 
oydiematosns. 

26. The method of daim 20, wherein said inflammation is in 
le^onse to oigan tranqdant igecdon. 

27. ihe method of daim 26, wherein said oigan transplant is a 
10 kidn^ tnnqdant. 

28. The method of daim 20, wherein said inflammation is in 
xesponse to tissue gnft flection. 
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29. The method of daims 20 which additionaUy comprises the 
«>»>nistmtion of an agert sderted fiwn the groi5> c«^^ 

capable of himliqg to LFA-l ; a functional derivative of said antibody, said 
ftnctional derivative bang c^»ble of bindmg to LFA-l; and a non- 
immunogtobuUn antagcmist of LFA-l. 

30. A method for treating inflammti(m resulting from a reqwnse 
of the non-spedfic defense system in a mammalian subject whidt conqnises 
providing to a subject in need of sudi treatment an amount of an anti- 
inflammatoiy agent sufficient to suppress said inflammation, wherein said anti- 
inflanunatoiy agent is a chimeric antibody capable of binding ICAM-1. 

31. TbemethodofdaimSOi^liereinsaidinflammationisassociated 
with a condition sdected from the group consisting of: aduU respiratory 
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distress syndrome; multipte organ injuy ^drome seoondaiy to septicemia; 
multiple organ irgmy syndrome seooodaiy to trauma; iqwftision injury of 
tissue; acute glomendonephritis; reactive arthritis; dermatosis ivitb acute 
inflammatory oonqxmeDts; a central nervous system inflammatory disorder 
S e.g. stroke; thermal injury; hemodialyris; leukqAereas; ulcerative colitis; 
Crohn's disease; necrotizing enterocolitis; gramdo^te transfusion aMftf*} aff.tf 
syndrome; and cytokin&-induced toxicity. 

I 

32. Tlie method of daims 30 or 31 wherdn said chimeric antibody 
is one or more of the antibodies of claims 1*9. 

33. A mediod of siqipressing the metastasis of a hematopoietic 
tumor cdl, said oeU requiring a functional member of tiic LFA-1 femily for 
migration, wtndx metiiod comprises providing to a patient in need of such 
treatment an amount of an anti*inflammatory agent sufficient to suppress said 
metastasis, wherein said anti-inflammatory agent is a chimeric antibody 

15 cqnble of binding ICAM-1. 

34. The metiKxl of daim 33, wherein said chimeric antibc^y 
capable of bindir^ to ICAM-1 is selected from the group of antibodies of 
daims 1-9. ^ 

35. A metiiod of suppressing die growOi of an ICAM-l<«qiress^g 
20 tumor cdl which coniprises providirig to a patient in need of such treatment 

an amount of a torin suffident to siqipress said growtfi, said torn 
a torin-derivatized chimeric antibody enable of bindirig to ICAM-1. 

36. A metiiod for treating viral infection in an individual in need 
of such treatment, whoein said metixxi corriprises providing to said individual 
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10 



an amount f a dumeric antibody capaUe of bindiqg ICAM-1 suffideat to 
suppress vinl iofectiaD. 

37. The method of claim 36, ^liierein said viius is a riiinovinis of 
the major serotype widiin the genus Piconaviridae. a group A coxsaddevim, 
waMeq^vinis. 

38. The method of daim 37 wfaerdn said viius is a ifainovinis of 
the m^or serotype. 

39. The method of any of daims 36-38 wherein said chimeric 
antibody is at least one of the antibodies of ehim. 1.9. 

40. A mediod for suppressAg the infection of leukocytes with mv, 
which comprises ad m inis t fri ng to a patient exposed to or infected by mv, an 
efieclive amount of an HIV-1 inftcdon suppiessioo agent, said agent bong a 
chimedc antibody cqiaUe of Unding to ICAM-1. 

41. The m^od of daim 40 ^ndn said HIV is HIV-1. 

W 42. The method of any one of claims 40 or 41, wherein said 

dumeric antibody is at least one of the antibodies of daims 1-9. 

43. A method for siq)piesang the edravascular migiatioa of a 
viraUy infected leukocyte in a patient having sudi a leukocyte, which 
comprises administering to said patient an effective amount of an and. 
migration agent, said agent bong a chimeric andbody cqnbte of impairiqg the 
abiUty of said leukocyte to bind to ICAM-1. 

44. The method of daim 43, wherein said viially infected odls are 
infected with HIV. 



20 
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45. Tte method of daims 43 ot 44, whenin said diimeric antibody 
is at least one of the antibodies of rfftinif iJ^^ 

46. A method for treating asthma in an individual in need of audi 
treatment, wherein said method comprises providiqg to said individual an 

5 amount of a chimeric antibody capable of bmdiuig ICAM-1 suffideot to 
suppress asthma. 

I 

47. The mediod of daim 46 whmin said diimeric andbody is at 
least one of the antibodies of daims 1-9. 

48. The niethodofany one ofdainis 19-47 wherein saU 

10 chimeric antibody is administered by enteral means, parenteral means, topical 
means, inhalation means or intranasal means. 

I 

49. Ihe method of daim 48 wheran said humanized chimoic 
antibody is administered pr(q>bylacticalfy. | 

50. Hie method of daim 48 wherein said humanized chimeric 
15 antibody is administered therapratically. ' 

I 

51. The method of claims 48, 49 or 50 wheidn said parmteral 
means is intramuscular, intravenous or subcutaneous. 

52. A pharmaceutical composition comprising the anti-inflammatory 
agent of any one of daims 1-9 in combination with a pharmaceutically 

20 accqitable carrier. 

53. The pharmaoeudcal .composition of daim 52 in combination 
with at least one other immunosuppressive agent. 
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54. A method of diagnosing an ICAM-l-oqnessiAgtuinor^ 
a mammalian subject whidi conqnises: 

(a) administenng to said subject a composition containing 
a detectably labeled chimeric antibody arable of binding to ICAM-1. and 

(b) detecting said dumeric antibody bound to said lCAM-1. 

55. A method of diagnosing infUmmation in a inammai«« subject 
¥4iid> comprises: 

(a) incubating a sample of tissue of said sulgect with a 
composition containmg a detectably labeled chimeric antibody capable of 
binding to a odl wfaicfa aqnesses ICAM-1, and 

(b) detecting said chimeric antibody bound to said cell. 
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COMPETITIVE JY CELL ELI5A: 
R6-5>6D VERSUS CHIMERIC IgG^ 
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